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~EPA 

, REGION SITE NUMBER (to b. ___ 

POTENTIAL HAZARDOUS WASTE SITE .;lln,.<1 by Hq) 

IDENTIFICATION AND PRELIMINARY ASSESSMENT 

NOT!: This form is completed for each potential hazardoua waate .lIlta to belp set priorities for site lftspection. The information 
submitted on this form is baaed' oa available recorda and may be updated on subaequent forms as a result of. additional inquidea 
aad o_ite WlpecUoas. 

GENERAL INSTRUCTIONS: Complete Sectiona I alld In throucb X as completely as posaible before Section 11 (Preliminary 
A ••e._ant). File tbis form in the Regional Hazardous Waste LOi FUe and submit a copy to; U.S. Environmental Protectioo 
Aieftcy; Site Traclelftll System, Hazardous Waste Enforcement Taale Force (8N-335Ji, 41)1 M St., SWI Washington. DC 20460. 

I. SITE IDENTIFICATION 
a. STREET,(o, othe, Identifl.,) 

;;i( I) 57 () 024.3 i 2, Hl:;i;'I\ t:1 ,I:" Y 
.-...... . ... . ­I.J £ F' ~~ 1\1 .::)l': ":1);;(;,- ·;':'!ltJP~HH~- Pl:HT~ 'jL·C HA F LE: St­ -O:'STATE F:' COUNTY N'AMETE:Z1P CODE 

;WrlTH H'i;-,'!"" Al!~,: 1 

HAI'4AH;.\ ,'J .;C :2 9 '* \) (I 
2 TELEPHONE NUMBER 

1 • 

H. TYPE OF OWNERSHIP 

¢1. FEDERAL OZ. STATE 03. COUNTY 04. MUNICIPAL PRIVATE UNKNOWN 
/ , 

\I. SITE DESCRIPTION 

J. HOW IDENTIFIED (I• .,., cltl,..,n'" compl.int., OSHA cit.tlon., "tc,) K, ·DATE IDENTIFIED 
(mo." day, a. yr.) 

L. PRINCIPAL STATE CONTACT -
,. NAME 	 Ia. TELE~HONE.':;UMBER 

II. PRELIMINARY ASSESSMENT (comv/et~ th,i~ti(ll1 last) 
A. "Pf"ARI."NT SERIOUSNESS OF PROaLEM 

I. HIG" OZ. MEDIUM 03. LOW 04 NONE ~'K'O" 
a. RECOMMENDA TION \ 

z. IMMEDIATE SITE INSPECTION NEEDED~'O' 'OEOED ."......., 
 •• TENTATIVIi::"Y SCHEDUI..ED FO"" 

, 1. SITE INSPECTION NEEOED 

a, TENTATIVEI..Y SCHEDULED FOR: 
 b. WILl.. BE PERF';;'RMIlD BY: 

b. WII..I.. BE PERFORMED BY' ­

4. SITE INSPECTION NEEDED (low pr;o,lty) 

CL."'." ,.,O."WO.• NAME ~ 12. TELEPHONE NUMBER l'i7J:l/n·
III. SITE INFORMATION / / -­

A. 	SITE STATUS ~ , fr f 

, • ACTIVE (Tho•• ;nduetrili/ or Q 2. INACTIVE (Tho'". Q 3. OTHER (.pecUy): f 
mUfllclpli/ .It•• which lire b.'nll u"ad I' 'e. which no longe, receive oa., aitelt that include eueh incident. like "m/drtiflht dUD'tfl~n,#I wher" 
for waili. tte."".nt, 41101'.,., 01' dll'poelll w.atea.). no re,."l.r or continuin, uae of tlte aUe for ~.ate dlapoa.' ti•• occurred.) 
on _ contlnuin, baaia. even II In&e_ 
quant/y.). 

a. 	IS GENERATOR ON SITE? 

0':1'10 z. YES (ep.elly Il,,".rllto,'s lour_dl;,1t SIC Code): ." 
, 	 \ 

C. AREA OF SITE (In ..cr••) D. IF APPARENT SERIOUSNESS OF SITE IS HIGH, SPECIFY COORDINATES \ 

I. LATITUDE (de,._alln._."c.) 	 12. LONGI TUDE (dell._min._"ec.) 

E. ARE THERE BUILOINGS ON THE SITE? 

1. NO o Z. Y'ES (specify): 

12070-2 (10,79) 	 Continue On Reverse 

http:tte."".nt


.'l) ()
Continued From Front 

IV. CHARACTERIZATION OF SITE ACTIVITY 
Indicate the major lIite activity(loa) and details re18tl1l1 to each activity by marklnl 'X' in the app.roprillte box".. 

X' ~ )( X' 
...;.;..; A. TRANSPORTER 9, STORER ~ C. TREATER - O.OISPOSER 

!. RAIl.. I. PII..Il t. FII..TRATION I. I..ANOP'II..1.. 

2. SHIP 2. SURFACE IMPOUNDMENT 2. INCINERATION 2. I..ANOP'A"M 

3. BARGE 3. DRUMS 1I. VOI..UME REDUCTION is· OPEN OUMP 

... TRUCK ... TANK.A"OVE ClROUND ... ACCYCI..ING/RECOVI:RY 4. SUAFACIl IMPOUNDMENT 

e. PIPEI..INE e. TANK. 8EI..OW GROUNO S.CHEMJPHYS. TREATMENT S. "'IONIGHT DUMPING 

o. OTHER (epecity): f-- 1.1. OTHER (epeclfy): S. SIOI..OGICAI.. TREATMI:NT' S. INCINERATION 
1--.. 

7. WASTE 011.. REPROCIUSINCI 1'. UNOIIRGROUNO INJIEC:TION 

S. SOI..VENT RECOVERY ". OTHItR (epecll,.): 

11. OTH ER (epeclly): 
I-

" 

E. SPECIFY DETAILS OF SITE ACTIVITIES AS NEEDED ) 

.. .. 

V. WASTE RELATED INFORMATIO~ 
A. WASTE TYPE 

01. UNKNOWN 2. l.IQUID 03. SOLID D •. SLUOGE OS. GAS 

B. WASTE CHARACTERISTICS 

01. UNKNOWN 02. CORROSIVE 03. IGNITABLE 04. RAOIOACTIVE OS. I~IGHLY VOLATILE 

06. TOXIC 07. REACTIVE De. INERT 0 9 . Fl.AMMABl.E 

010. OTHER (8p",clly): 

C. WASTE CATEGORIES 
1. Are recorda of wastee available? SpecU, Item••uc:h 8. m8niteat•• invenlOrI.... etc. bela.... 

2. Estimate the amount(specify unit of measure)of waste by category; mark 'X' to indicate which W80tes are present. 

8. SLUOGE b. OIL e;. SOLVENTS d. CHEMICALS e. SOLIDS t. OTHER 

AMOUNT AMOUNT AMOUNT AMOUNT A .... ~tINT AMOUNT 

-
UNIT OF MEASURE UNIT OP'NIEASUFlEl; UNIT OF ... EASURE UNIT OF ME .. sURIt UNI T OF MEASURE UNIT OF ME"SURE 

X' (II P .. INT. P1111 01 1..Y 
. WASTES ~ IIIHAI..OClENATED 'X' 

~10ACIDS ~ (II ~~:~~:~~~i.I-- PIGMENTS lIOI.. vENTS t- IlIFI..YASH 

(21"'ETAI..S WI210THER(epeC:liy): 121 NON· ... "1..0GNTO 121 P.1CKI..ING 
121 ""U!:STOII (2! ... OIlPIT AI..SI..UCGES 501.. v EN TS ' I..IOUORS 

lSI POTW ~ (31 OTHE R(epeclly): 
13IC"UIITICII, (31 MIl.. I..INGI 

lSI FlAOIOACTIV4~MINE TAIl.INGS . \ 

141 .. I..U ... INU... · (41 P E!lTICIOall 1141 :.i::~g.U!ASTf!5 141 MUNIC 110" I.. {'I..UDGE 

_ UU OT ... ER(epeclfy): 
(IIIDYES/INKS (III ~~~~~7'!'!~~~1I f-- lSI OTHER(ep.cU,.): 

(0) OTHER(epec:lfy): 
IIIJ C Y ANIOI!!; -. 

{ 

171 PHENOL.S 

181 H .. 1..0GENS 

(g) PC II 

(IOIMETAI..S 

~111 0 THER(ep."Uy 

I· 
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Continued From Page :1 

I,V.WAST~ RELATED INFORMATION 
3. L.IST'SUSSTANCES OF GREATEST CONCERN WHICH MAY BEON THE SITE (pl.".. In order of h.".rd). 

4. ADDITIONAL. COMMENTS OR NARRATIVE DESCRIPTION OF ,SITUATION KNOWN OR REPORTED TO EXIST AT THE SITE. 

YI. HA1,ARD DESCRIPTION 
B. C. D. DATE OFPOTEN- ALLEGED INCIDENT E.REMARKSA. TYPE OF HAZARD TIAL INCIDENT (mo.,d.y,,.r.)

(~:r;~~~ renark 'X') 

~1_N_jO_H_A'Z_A'IR_IO__________r-__~~~.... il5milli 
,. HUMAN HEAI..TH 

4. WOf1KER INJURY 

e CONTAMINATION 
• OF FOOD CHAIN 

'0. FISH KIl..l.. 

, 

'2. NOTICEABI..E ODORS 

IS. CONTAMINATION OF 5011.. 

'4. Pf10PEFlTY OAMAIliIl 

Ie. FIRIt OR ItXPl.OSION 

'B. EFIOSION PROBI..EMS 

10. 'NAOEQUATE 5ltCUFlITY 

20. INCOMPATIBI..E WASTES 

ZI. MIONIIliHT OUMPIN':; 

1220THEf11 N' 

EPA Form 12070-2 (10.79) PAGE 3 OF 4 Continue On Reverse 
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Continued From Front 

! 

VII PERMIT INFORMATION 
A. INOICATE AI.. ... APPLICABLE PERMITS HELD BY THE SITE. 

D I. NPDES PERMIT o 2. SPCC PLAN D 3. STATE PI!:RMIT(ep."Uy): 

D 4. AIR PERMITS D 5. LOCAL PERMIT o fl. RCRA TRANSPORTER 

07. RCRA STO",ER o 8. RCRA TREATER i. RCRA OISPOSER \ 

o 10. OTHER (.,.• .,11'1'): 

9. IN COMPLIANCE? 

o 1. YES o 2. NO 03. UNKNOWN 

4. WITH RESPECT TO (II., reau/.llon nam•• number): 

VIII. PAST REGULATORY ACTIONS 

0 A. NONE 0 B. YES (It......_rl•• bel"...) 

(x. INSPECTION ACTIVITY (oast or on-lIoln") , 

o A. NONE o B. YES (c"",,/e,.Uema 1.1.3, ... below) 

,. TYPe: 0" ""CT'yiTY 
a.OATEOF 

"'''''liT ""CTION 
(IJI".. day• • yr.) 

3 "'IlRFO"'MEO 
BY: 

(EPAIStlfla) 
•• OESCRIPTION 

; 

, 

X. REMEDIAL ACTIVITYJpaRt or on-foinil) 

[] A. NONE o B. YES (comP/e,e Itema 1,1,3, • 4 below) 

I. TYPE.OF ""CTIYITY 
a. 0"" Til: OF 

P""IT ""CTION 
(ma•• dlfY•• '1''') 

.e. PERFORMItO 
BY' 

(SPA/Stata) 

-
•• OIUCRIP.TION 

NOTE: Based on the information in Sections nI through X. fill out the Preliminary Assessment (Section II) 
'information on the first page of this form. . 

EPA F_ 12070-2 (10-79) PAGE 4 OF 4 



t~lEFENSE LOGISTICS AGENCY 

DEFENSE FUEL SUPPLY CENTER 


CAMERON STATION 

ALEXANDRIA, VIRGI.NIA 22304-6160 


.' 4 NOV 1991 
IN REPLY 

DF$C-FQFI£FEFI TO 

U. S. Environmental Prot~ction Agency 

Region IV 

RCRA & Federal Facilities Branch 

Waste Management Division 

Attn: Mr. J. C. Meredith 

345 Courtland Street, N. E. 

Atlanta, GA 30365· 


Dear Mr. Meredith: 

In response to y~ur letter dated September 13. 1991, we have completed the 
Preliminary Assessment Update for our Defense Fuel Support Point (DFSPJ 
Charleston, 5862 N. Rhett Avenue., Hanahan, SC. The following information was 
derived from reports of various environmental site assessments conducted at 
the fuel terminal as the result of a leak of 83,000 gallons of jet fuel into 
the soil and groundwater in September 1975. 

After the 1975 release,· approximately 20,000 gallons were immediately 
recovered from the groundwater. Subsequent efforts did not yield any further 
recovery of fuel product and in Febr.. uary 1976 the incident was considered 
closed. The first ~o~t fuel leak study conducted in 1977 .indicated only 
residual contamination of the soil and ~hat fuel-eating microbes were active 
in all samples_tested. No further clean~p action was required. After a 200 
year'rainfall event in 1979, residents to the north of the fuel terminal 
detected fuel odors. Consequently, the U. S. Air force and later. the Defense 
Fuel Supply Center (DFSC) contracted for various studies to define the extent 
of the contamination, analyze the risks to human health and the environment, 
evaluate the hydrogeology of the site, and to evaluate and select the best 
remedial alternatives to clean up the contamination. Reports on these studies 
are enclosed. 

The South Carol ina Department of Heal th and Environmental Control (SCDHEC) has 
been actively involved in the evaluation of the data generated from the 
studies and has r'ecommended that the' combination of a pump and treat and an 
enhanced bioremediation system would work best to clean up the remaining 
contamination. Construction of the system.is complete and pending final 
approval by the SCDHEC, the system should be operational early iri 1992. This 
system ~ill serve both to prevent further migration of the plume of 
contamination and to clean up.the site. As a condition of the construction 
permit issued by the SCDHEC, the U.S. Geological Survey (USGS) has developed, 
an extensive and continuous monitoring program designed to assess'the 
effectiveness of the remediation system and determine the length of time 
required to accompl ish remediation. In addi tion, the USGS will conduct a 
complete well survey to obtain an accurate groundwater flow map. 

http:system.is
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DFSC-FQ PAGE 2 
Mr, J~ C. Meredith 

Although petroleum contamination is exempt from,CERCLA requirements, the 
environmental assessment process employed at DFSP Charleston followed the same 
EPA guidance a~ that of a PA/SI. The enclosed reports and checklist describe 
the extent of the petroleum hydrocarbon contamination; address the 
groundwater, surface water, and air pathways for the contamination; and 
identify the targets, In 1987, IFC-Clement Associates, Fairfax, Virginia, 
prepared a risk assessment of exposure to the contamination. 

To summarize the data from the reports in the PA/SI format we have included 
the SSI Phase I Reconnaissance Documentation Checklist as the first enclosure 
~o this letter. Briefly, we would like to offer the following comments in 
regard to some of the checklist items pertinent to this site. 

DFSC maintains that state and federal environmental compliance issues always 
be a top priority and has completed many rehabilitation projects at DFSP 
Charleston to ensure future compliance of the terminal. The cleaning, repair, 
and renovation of tank bottoms, roofs, and drainage systems underlines our 
interest in running a clean, efficient, and odor free terminal. These 
measures serve to prevent leaks from occurring 'and that the soil, ground water 
and surface water be pro.tected from contamination. 

Based upon the hydrogeologic study of the site and the surrounding area, the 
groundwater pathway has been determined to be' confined to the shallow aquifer, 
which ranges from 20 to 35 feet thick, and moves north-northeasterly at a rate 
of 0.24 ft/day. At this rate~ groundwater at the tank farm fence would take 
13 yeari to travel to Gold Cup Lake. There are no drinking water wells in the 
vicinity but there are six wells used for lawn irrigation and to fill sw{mming 
pools. The reservoir which supplies drinking water to the Hanahan community 
.is to the northwest but is several miles upgradient of the fuel terminal. 

In regard to surface water pathways, there is one intermittent drainage ditch 
on the east side of the terminal which flows north toward Gold Cup Lake. Any 
runoff first passes through an oil/water separator before leaving the fuel 
terminal. 

As cited previously, ICF~Clement, Associates completed a Health Risk Assessment 
in 1987 and advised that the short-term risk to health, under average 
conditions of exposure, is insignificant. The consultants analyzed the 
potential longterm health risks inGold Cup Springi subdivision using the 
following assumptions: 

1. Each resident drank approximately two quarts of well water each day 
for 70 years. 

ry Each resident swa~ for 30 minutes a day. 4 days a week, 6 months a 
year for 70 years in swimming pools filled with well water. 

3. Each resident spent 16 hours a day for 70 years breathing neighborhood 
air. 



..... 


DFSC-FQ PAGE 3 
Mr. J. C. Meredith 

4. That the amount of benzene in the groundwater remained constant and 
that the groundwater was not treated. 

rCF-Clement Associates concluded that a resident who did these things for 70 
years might be exposed to a potential ·lifetime health risk. 

As long as residents· use municipal 'water for drinking; bathing, and swimming, 
the only actual exposure to the benzene comes from breathing the neighborhood 
air. IeF-Clement a~sociates concl~ded that the noncancer risk from breathing, 
this air is insignificant. With respect ta·the cancer ri~k, they noted that 
the normal background l'ifetime risk of cancer 1s25%, meaning that 
approximately 25%'0£ allp~ople in~he.United States develop cancer in their 
lifetimes. They conciuded that; the lifetime risk from breathing the benzene 
in the ~ir would:,.be ,three additional cases o'f ~a~cerin 10,000. In . 
comparison", this risk is.•33times lower th'an" the risk'of dying from normal air 
pollution. The consultants, also emphasized th.at this cancer risk is likely to 
be overstated due t; th'eir conservat.ive assumptions. The true risk of cancer 
could be even lower. 

In regard to other areas of petroleum contamination discovered in previous 
studies, the Naval Facilities Engineering Command has contracted a study of 
two areas located to the east and west of the tank farm to determine the 
extent of ,the contamination both vertically and hor,izontally. A'lternatives 
will be evaluated to determine the best cleanup system for these areas. This 
may incorporate the present system or it may be a totally separate operation. 

If you have any questions in regard to th~ letter and the enclosers, please 
contact Mr. Wayne J. Barnum at telephone number (703) 274-6579. 

Sincerely, 

3 Ends 
Chief, Environmental Quality Division 

Directorate of Facili ties Management 


( 
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SSI PHASE I 
RECONNAISSANCE DOCUMENTATION CHECKLIST 

rhlsinformation is' required for all SSI Phas~ IS. Much of it will be detailed In your letter report. 
logbook, or topo map. In such/cases, provide only brief descnptlons and reference CitatIons on the 
checklist to avoid duplication. Cite the source for all Information obtained for all sections. Llsts of 
HRS-speclfiC:: definitions and senSitive environment Identlfi.catlons a~e attached. ­

~ite Name: OEFc~sc FueL. S~pPo.er fo,t...lT CI-iARL(::SrotoJ 

City, County, State: HAI-JAJ..IA;J 
. J 

~PA ID No: SC.9S760'Z43~'2. 

Person responsible for form: \NAYtJ e: &R....JIJM 

Date: ~LveMSE!.D J 1°.:3.1 	 ( 
{\JO "",..... j I I 

DESKTOP DA T A COLLECTION 

(Can be done before or after recon. Include attachments as necessary). 


\. 

I. 	 Groundwater Use (See project geologist for this information) 

• 	 Identify aqUlfer(s) of concern. 

SHA~ I ()A.JeoAJFt,.J2S::> A<rtJIF~ oc::.:;.VtC,$ ill,) me. 1.J;J&''''-'SoI...tPATE~ PL.~I'Sro'::E.-Jj 
~Sl:>IM~ O\l~I..Y",.Jt.. ThE cooP&C. MAAr.. FoRAAAr1o.u. f 	 ( 

0 • 

(ReF. Flo..JAL.. tCFSIt:M..T I A'«?ul'c::.~ f:i: VA(.vAT~ JA;.J 8~ 
• 	 Identify any areas of karst terrain within the 4-mile site radius. and confining layers and J R.1'L1 T I, 

o hydraulic interconnecti~:ms within 2 miles of the site. 

No 1(At<;;r:-, CO~r-l"-Ii>VG. UN""" -:t=:i? c:.OopelC.. MAra.. FO.eMAII(J"-' 

(t<EF. FtN!)!.. R..Ef'ottr, Act)(.}Jr:t:.e- ;:;VAWAi7Q,jJ,.J"I'1I<J 8ft) ;eM" /NG. j 
II. 	 Surface Water Use 

• 	 Identify uses along the lS-stream-mile surface water pathway (i.e'. drinking water, 
fishin9. irrigation, industrial). 

hSHL....t:> I 8"4"/~~ I JRR' bA. IIO...J 

(/?t=F".. TI~ ~ SJ T1::. MAPS ) 

• 	 Identify any designated recreational areas. sensitive environments, and fisheries along 
the surface water pathway. Specify wnether fishing is recreational, subsistence, or 
commercial. Information for smaller water bodies can be confirmed or obtained from 
local sourc~s during the recon. 

CD FI~/lJG, A-~AJG. r:;ccSE. GlZEcK.. _ ((.EC;er=AtIO.JAL..-. F(SHI(")f:, I;..) CooP6e,., F?II/~~ 
IS CO"iwtE.Lt:.IA.:- t tt~S:4,.,.;,lt.JAc.... • 

'(~)(bA;J'~ WH.:CUFE. .p~s'$SM!\Js.. ­
,:r~t..q~bJ r . 

- 1· 

http:O\l~I..Y",.Jt
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III. 	 Sensitive Environments 

• 	 Identify any sensitive environments within 4 radial miles of the site (See Table 4-23 of the 
February 15, 1990 HRS Draft Final Rule, attached) Remember, sensitive environments 
are not limited to critical habitats. ! 

bo4.T.) C..,p Su~j()'\h':::.."a,j Hl1s MAAJ-hJAi:>/S LAIt:.E.. - L()Cjllre~ bcu"AJ G~";;:;;.,e"",, 

.. WI'1t4 ,oJ Vz. ~ Ie 1'b /JOf'!.:r"W. of /lE!!,e.AUA1J9£.-. COOPE:,f2. r< 1\.1s.L , bcos'£· CR.EE::J4.. 

A.e6. j3od'71+ wiTli'.J I Yz- YI1 i "f. -r~t";""''-, (te..cr. 7Of\::> 1 12M! AqutFe..tl ­

EI/At-UAT101-J -i=/I...1 AI.-- 1!.E!:/1:>(J.r -, 988)
DRIVE·BY RECONNAISSANCE DATA COLLECTION 

(This Information should be recorded In logbooks with attachments) 


I. 	 Groundwater Use (ThiS information can generally be obtained from local water departments, 
or city hall In rural areas). 

• 	 Identi fy on copies of topos the extent of all munici pal systems and areas served by 
private wells within 4 miles of the site. 

3.f'.elVATE wELJ..S I/<J C;04.l':- C(.J" S().&~IVISIO...J A-.-.JD ....vj~/o..J /l'I1i 0";: 

-r,z.~~N/4.'-' NCIi L.lSS:> FotfZ. bt'tIAJ)I:."""e:.. wllJrElf..) b;;'t To f'1 (.4. Sw/ N..M 'tN~ PtIOt.S i ,It./el G.Are 
LAwNS. Cl.IIJKl....x:.. wAreiZ- IS Ftt,,,,, Pv/!',,"_ So()ttCE. 

K)5.r. 	 ~Atr STub'( - A<?...xFE...~ FO.J4" ~ 1'188 
• locate on copies of tapas all municipal well locations in the site area, including any wells 

\ of a blended system >4 miles from site. Specify if water from these wells is partially or 
fully blended prior to or during distribution, and if any surface water intakes contribute 
to a blended system (whether or not they draw from the target sw pathway). 

MvfJl ""~I.o- WATl"'...,t. .svl'l't_I(!D pAU>#\A I!.ESElevOl..fIC.. ,-Oc;..,q.TES> Al $.ov,u:.c:. (.)F­

~S.E cie.eEJ'.. - No~n+ of-rE,e.M• .,.,JA£..-. lJo AtU;..h<'..4 PI1,- wEt.J..S. 

Csee .5tTE.. MAP J 
• 	 Note the depth, pumpage, and population served for all municipal wells within the 4­

mile site radius. Complete well survey forms. 

U JEs , 

• 	 Document other groundwater uses (e.g. irrigation, industrial). 

b~l1-..fi)!,..Jm"eJ(.. FI2-cM. .3 P~.I.IAr£.. wr=1..i..J tS v.sSb rot<- ,sWIM.;<,1/I.JCtt. I/'oo/....S ANP 

'-AWN I ,t!R...[' (pAno....J.. tJ~-r r-"611t? 'eft., II.! K.l'-.l<::. at!.. SATH tt.J Go. oil- OTt+e.t.. tJOME'S.rtc.. 

'If. 	 Surface Water Use 

• Identify on topos the 1 S-mile sur~ace water pathway. 


" Coof'\5e. . 1-, v~ 


•. Goose. u.ee.~ 
1tJ"f"Efl.,MI"TteA.l""l Pt.AuJA ('E bLTZ.b+ 

@f..:F' ",po 

-2­
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• Identify and locate on topos any surface water Intakes within 15 miles downstream of 
the site (to be obtained from local water department). 

tJo SVR.FAC-E. wA~A- IISCA(:E.S 'bOtlJ,JS~e:.qM. vJ~ BR.A~Srl TtvA.'­
,,/lJi-(..I.)r;~ <.:IN O::>orfEr,l- tel li"

CSEe SITE- MAP J . 4Nb 6als4E.~£i< 

III. 	 Site and Area Use Data Collection (May be obtained before or during recon)
\ 

• 	 Describe any barriers to travel (e.g. rivers) within 1mile of the site (consult topo) 


CooPE(t «I vE;t... , S 


, L SEf. 	 Tofo J 
• 	 Describe population within the immediate( site vicinity and within the 4-mile radius (eg. 

sparsely populated rural areas, commercial/industrial areas, densely populated urban 
areas, etc.). 

RESIl:>E.JTI;4(.. SlJe~~vl.s.u...J ,~ 11I.i""';Z)IATE. A)ottrk, ~ U, S MH,.:r7li!tIC.T 

R.E'5~~VAIIO,J /'!J EASY, /!J"bv,S.7T2.1 ,qL./CCMMIS,4;.{IlI'- "f"l) s"urH 1w~. 

• 	 Obtain aerial photos of site and immediate vicinity whenever available (from county 
offices), 

tJo A~AL. f't~/DC AVAIL-A.8uE..· 

• 	 Note if the facility is on sewers or septic tanks (consult water or public works 
department), 

CI rt ssw~ ~ W4T1£,(., . 

. C \A~'~i-i/Sb 8'r' 	 FA~L..I ry OFERA-Tt1~.JCo"-'T14c...'/th.1c.. 

• 	 Obtain current property owner information from the county tax assessor's office, 

r~PeA.IT ow~~ : 	 CHA~~ AI~ ~ BASE. Pr4 ~C8o~) Su.-4'l7C.. 
4 37 5r.)f~r ~vP /CE~V 
CHlfoLLEsvrrAJ 4F~/,sC. 2..9404- 5"D45 

" 

f4~l...ITY 	A"lHt-tlaJl.t7J44'rO~: PEFetJs£ fiJEL. ~ufl't..'( CGJTE~ 
'bFsc-Ftp . PH #>C?O~) 274-(.,S79 
C'A ""'IC~ g,~rt~, ' 
ALE;t4,vbtt oq'J VA rzz. 304­

COAJ-n 1U1i~t- Sf;~vc c.,£. Cc. f H IJ ('803) 744 - 5"5'1 

tJ· Ri-t t:rr El(;: 

1-1"IoJ.A~A";J SG 2140(" 
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UNITED STATES ENVIRONMENTAl.>PRQTECTION AGENCY 


REGION IV 


345 COURTLAND STREET. N.E. 
ATLANTA. GEORGIA 30365 

UP 13 1991 

WD-RCRAFF 

Certified Mail 
Return Receipt Reguested 

Manager 
Defense Fuel Supply Point Charleston 
5862 N. Rhett Avenue 
Hanahan, SC 29406 

Re: 	 Site Inspection Information for Revised Hazard 
Ranking System 

Dear 	Sir: 

The Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA), as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (S~), requires the 
U.S. Environmental Protection Agency (EPA) to establish a 
Federal Agency Hazardous Waste Compliance Docket to provide 
information on the status and compliance of Federal Facilities 
that may have releases of hazardous substances. Section 120 
specifically addresses federal agency compliance with 
requirements on response actions, site evaluations, and hazard 
ranking procedures for facilities on the Docket. Your facility 
is cn the Docket. 

EPA Region IV is currently contacting each federal facility on 
the Docket not currently on the National Priorities List (NPL) 
to request updated information under the revised Hazard Ranking 
System (HRS2) of the National Contingency Plan (NCP), which 
became effective March 14, 1991. Our records indicate that a 
Site Inspection (S!) report or its equivalent was submitted 
previously for your facility and we are writing to request an 
amendment or revision to provide the information needed~ 

Based upon information presented in the,SI or equivalent report 
submitted earlier, your facilitY,did not' warrant placement on 
the NPL under th~ previous Hazard Ranking System (HRS1). 
However, under the revised scoring system, environmental 
impacts and human health hazards must be defined more fully, , 
and the revised system may now qualify additional facilities 
for the NPL. Enclosed are guidance on HRS2 developed by EPA 
Region IV and the latest (1988) EPA guidance on'SI. 

Printed on Recycled Paper 
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We are requesting'submittal of a revised 51 report or an 
amendment within 60 days of receipt of this letter. If that is 
not,feasible, we request submittal of a timetable for 
compliance within 30 days of receipt of this letter. You may 
include. your preliminary calculations of a score under HRS2; 

,however, EPA is responsible for the formal calculation of the 
.ranking score. 

If you ,have questions regarding the updating of SI information, 
please contact Mr. J. C. Meredith of this of~ice at (404) 
347-3016. 

Sincerely yours, 

J 	 Chief~I(,~E ••~g&1r:~deral Facilities Branch 

Waste Management Division 


Enclosure 

cc: 	Mr. Hartsill Truesdale, Chief 

Bureau of Solid and Hazardous Waste Management 

South Carolina Department of Health 

and Environmental ,Control 


PS Form 3800. 1990 \ 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 4 


ATLANTA FEDERAL CENTER 

100 ALABAMA STREET, S.w. 


....~ 
ATLANTA, GEORGIA 30303-3104 

0&1 n(, 

CERTIFIED MAIL. 

RETURN RECEIPT REQUESTED 


Donald Matthews, Department of Defense, Federal Liaison 
Defense Fuel Support Point Charleston 
5862 N. Rhett Avenue 
Hanahan, South Carolina 29406 

SUBJ: 	 Compliance Evaluation Inspection 

July 23, 1997 

EPA ID No. SC9 570 024 332. 


Dear Mr. Matthews: 

On July 23, 1997, the United States Environmental Protection 
Agency (EPA) conducted a Compliance Evaluation tnspection (CEI)

( 	 at your facility located in Hanahan, South Carolina in order to 
determine it's compliance status with the Resource Conservation 
and Recovery Act (RCRA). 

Enclosed is the EPA CEI Inspection Report which indicates 
that violations of RCRA were discovered. A copy of this report 
has also been forwarded to the South Carolina Department of 
Health and Environmental.Control (DHEC). 

If you have any questions, please contact Christi S. Ulmer, 
of my staff, at (404) 562-8578. 

Sincerely yours, 

s.~ 
Shannon Maher, Acting Chief 
North Enforcement & Compliance Section 
Enforcement & Co.npliance Branch 

Enclosure 

cc: DHEC-Charleston Field Office-Bill Seaborn (w/enclosure) 

AecyclEICIIRecyclable • Printed with Vegetable Oil Based Inks on 100% Recycled Paper (40% Postconsumer) 
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RCRA 	 COMPLIANCE EVALUATION 

A. 	 Inspector and Author of Report 
I 

Christi S. Ulmer 

Technical Specialist 


Waste Management Division 
North Enforcement Section 
6~ Forsyth Street, S.W. 
Atlanta, Georgia 30303-8909 
(404) 562-8578 

B. 	 Facility InfOrmation 

INSPECTION REPORT 


DefE':::~_.:;e Fuel Support Point Charleston 
5862 N. Rhett Avenue 
Hanahan, South Carolina 29406 

EPA ID No. SC9 570 024 332 

C. 	 Responsible Official 

Mr. Larry Verhosek, Terminal 
(803) 744..,3884 

D. 	 Inspection ParticipantS 

Superintendent 

Larry,-verhosek, Terminal Superintendent-Defense Fuel Support 
Point Charleston (hereinafter Defense Fuel) 

Christi Ulmer, Technical Specialist- U.S. Environmental 
Protection Agency (EPA) 

Bill Seaborn, Inspector-South Carolina Department of Health 
and Environmental Control (DHEC) 

John Cooper, Inspector/Supervisor-DHEC 

E. 	 Date of Inspection 

July 	23, 1997. 

F. 	 Applicable Regulations 

40 Code of Federal Regulations (C.F.R.) Parts 260 - 265, 
268, and'270; RCRA Section 3005 and 3007; and the South 
Carolina Hazardous Waste Management Regulations .. 

G. 	 Purpose of Inspection 

This 	inspection was a Comp+iance Evaluation Inspection (CEI) 
conducted by the South Carolina Department of Health and 
Envirpnmental Control (DHEC) with the United States 
Environmental Protection Agency (EPA) to determine the 

/ 
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facility's compliance with the Resource Conservation and 
Recovery Act (RCRA). 

H. Facility Description 

Defense Fuel is a federal facility located in Hanahan, South 
Carolina. It is a bulk petroleum facility which stores jet 
fuel in support of regional Department of Defense Air Bases. 
This facility contains a total of seven tanks and three 
loading racks. Five of the tanks contain JP8 and two 
contain JPS. Hazardous waste,s generated at this facility 
include, almos~ exclusively, tank bottoms resulting from 
tank clean outs. Defense Fuel is registered with the State 
of South Carolina as a large quantity generator of hazardous 
waste . 

. . I . Findings 

This inspection included a tour of the tank farm and the 
loading racks. 

1. The Tank Farm 

There are no external floating roofs on the tanks in the 
tank farm. Subsequently, rainwater does not enter the tanks 
through the top. At the time of the inspection, contractors 
were working on-site to install a concrete foundation under 
two of the tanks and within the diked area. Eventually, all 
tanks at this facility will be located on concrete 
foundations. Tanks bottoms, generated during the infrequent 
tank clean outs, are analyzed to determine if they are 
hazardous waste prior to being.shipped off-site. Water 
which accumulates at the bottom of the storage tanks is 
transferred to the oil/water separator. The oil is sent 
off-site to World Recovery Systems (WRS) for product 
recovery. 

2. The Loading Rack 

Jet fuel is transferred into tanker 'trucks for transport at 
the 2 loading racks in the front of the facility and into 
rail cars at the third loading rack located at the back of \. 

the facility. Any product or storm water that. collects on 
"the pad of the loading racks goes to an oil/water separator. 

The ,oil is from the oil/water separator is shipped off-site 
to WRS for product recovery and the water is shipped off­
site. Analytical results reveal that the water is usually 
non-hazardous waste water. Water which accumulates within 
the berms of the tank farm is discharged under an NPDES 
permit to a waterway which is open for a short distance and 
then closed to the point where it discharges into the sewer 
destined for the POTW. Loading rack sumps are occasionally 

) 
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cleaned out. Defense Fuel makes a hazardous waste 
determination on the sump sludge using laboratory analyses 
before shipping it off-site. 

, 
3. Record Review 

The facility's hazardous waste records were reviewed 
including the Quarterly Reports, Contingency Plan, Personnel 
Training and Manifests. The following record keeping 
violations were noted: 

At the,time of the inspection~ Defen~e Fuel did not ~ave the 
South Carolina 1st quarter (1997) and 3rd quarter (1996) 
reports available on-site. 

Defense Fuel failed to maintain a copy of the quarterly 
. reports on-site in violation of the requirements of 
R.61-79.262.40(b) and R.61-79.262.41. 

Defense Fuel has a letter which was, sent to the local 
authorities with EPCRA information. However, they do not 
hav~ a copy of a cover letter indicating the transmission of 
the Contingency Plan to local authorities. 

Defense Fuel failed to provide local authorities with a 
copy of the Contingency Plan in violation of the 
requirements of 40 C.F.R. § 265.53 and R.61-79.265.53. 

Facility personnel were following a U.S. Department of 
Defense guidance document which indicated that they need 
training pursuant to 40 C.F.R. § 265.16 only once every 
three years. Accordingly, all of the facility personnel 
were out of compliance with the requirement for annual 
refresher training. \. 

Defense Fuel failed to provide employees with an annual 
review of the initial personnel. training in violation 
of the requirements of 40 C.P.R. § 265.16 and R.61­
79.265.16(0) . 

No hazardous ,waste was shipped off-site from this facility 
in 1996. One shipment of hazardous waste was sent off-site 
in 1997. There was no Land Disposal Restriction (LDR) 
certification form attached to this manifest. 

Defense Fuel failed to provide notification to the 
hazardous waste treatment facility that the manifested 
waste is :and disposal restricted (LDR) waste in 
violation of the requirements of 40 C.P.R. § 268.7 and 
R.61-79.268.7. ' 

http:R.61-79.265.53
http:R.61-79.262.41
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J.. Conclusions 

The following violations of State and Federal RCRA 
regulations were found: 

1. South ~arolina Quarterly Reports: R.61-79.262.40(b) and 
R.61-79.262.41. 

2. Contingency Plan: 40 C.P.R. § 265.53 and R.61­
79.265.53. 

3. Personnel Training: ~O C.P.R. § 265.16 and R.61­
79 .265.16(c) . 

4. Land Disposal Restriction: 40 C.P.R. § 268.7 and R.61­
79.268.7. 

K. Signed 

Christi S. Ulmer Date 
Technical Specialist 

L. Concurrence 

SY>a~~ 
Shannon Maher, Acting Chief 

Chief, North Compliance Section 


http:79.265.53
http:R.61-79.262.41


11 Regency Hills Drive 
P. O. Box 16778 
Greenville, SC 29606 
Phone: 803·292-1921 

FINAL REPORT 

RKKlIDIAL ALTERBATIVES REPORT 


DEFENSE FUEL SUPPLY POIBT 

CHARLESTON. SOUTH CAROLINA 


Prepared for: 

DEFENSE FUEL SUPPLY CENTER. 

Hr. W. E. Goode 


Chief. Environmental Quality Division 

Directorate of Facilities Management 


P.repared by: 

RKT. Inc. 

P.O. Box 16178 


Greenville. South Carolina 29609 


COIITBACT NO. 162467 -1fI-C-0027 

CONFIRMATION STUDY TEAK KEKBEBS ' 

Robert Martin.P.E. Project Manager 

Jonn Fields. Prj. Eng. - Tech. Coordinator 
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EXECUTIVE SlTKMARY ~ 


The Defense Fuel Supply Point (DFSP) Charleston, and the Gold Cup Springs 

r~ 
 Lake Subdivision are located on North Rhett Blvd., J in Hanahan, South Carolina. 


The DFSP is a bulk storage facility for JP-4 jet fuel used primarily by the Air 

' ' \
!~.'I 
Ii 

Force. In 1975, a leak was discovered in the bottom of Tank 1 and an estimated 

83-,000 gallons of JP-4 were lost. Since 1975, there have been several remedial 

actions taken to recover the lost product and several field investigations to 

I access the impact of the release to the DFSP site and the adjacent residential , I 

subdivision. As a result of the fuel spill, there is concern as to the 

I 
potential residenti,al exposure in the site vicinity to organic vapors. The 

Defense Logis tic s Agency and the Naval Faci lities Engineer ing Command retained 

RMT, Incorporated to evaluate remedial alternatives that would be applicable to 

a remove the organic constituents from the ground water and soils on the DFSP 

'" site and in the Gold Cup Springs Lake Subdivision.

I 
In December, 1987. RMT. Inc. concluded the Aquifer Evaluation Report tvhich1 

, 

definedJ the characteris tics of the aquifer and verified the potential for air 

I stripping of the organic compounds in the soils. Results from the field 

investigations conducted for the Aquifer Evaluation Report were used to model 

the ground water flow on the DFSP site and the adjacent subdivision. 

The modelling of the local ground water flow was necessary to predict t~e 

effects of various rec.ediation control strategies. The procedure involved 

calibrating the model by generating ·a water table surface. This was 

accomplished by varying hyd~aulicconductivity, total water recharge, and 

system flow bo~ndaries, within physically reasonable limits. The final model 

matched the surface to approximately a foot. Having thus established basic flow f 

I 
I 

characteristics, the effects of three pumping schemes were modeled. Wells 

1 II 
11 
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I 
were, in turn, placed around the BTEX plume. situated along the northern 

facility boundary and concentrated within the plume. Modest pumping rates 

I intercept much of the ground water flowing from the facility and create 

significant' walter table depressions within the plume.

I 
I 
 For a design basis in evaluating the groundwater treatment alternatives 


the highest observed well production rate Was multiplied by the maximum nu~ber 

·of wells needed in the groun4water flow model to contain the organic plumes.I " 

I 

This resulted in a design flow of 200 gpm. A total BTEX concentration of 3 ppm 

was also used for design because it was a~ongthe highest values observed 

d~ring the previously c'Onducted well sampling~ 

I The recommended control strategy for remediation of the DFSP site and 

subdivision is a groundwater extraction' system consisting 
'., 

of a series of wells 

I located along the northern boundary of the DFSP property to minimize further 

migration of HTEX constituents from the site. In addition wells will be located 

within the existing BTEX plume to remove groundwater from the subdivision for 

treatment. A vacuum extrac::tion system for;soil remediation is also recommer:ded 

in conjtinction with the extraction well syste~. If treatment of the gro~ndwater 

is required, air stripping is recommended as the most applicable technology. 

The body and appendices of this report provide discussions and cost estimates 

of the aforementioned discharge and treatment recommendations with additional 

discussions and cost estimates of alternate treatments and diSCharges. 

2 




1. INTRODUCTION 

1.1 Background 

The Defense Fuel Supply Point (DFSP) Charleston is located within the 

city limits of 
?~ 
Hanahan, South Carolina, and just off North Rhett Boulevard. 

Immediately adjacent north of the DFSP facility is a residential community 

called Gold Cup L,ake ·Subdivision. The areas to the west and south include 

light industry. Figure 1 shows the site location. 

I l 

The fuel terminal contains seven aboveground storage tanks. The tanks 

are 83,000 ~bls (40-ft height, l20-ft diameter), welded steel with floating 

roofs and each is surrounded by an earthen. dike.. The pri~ry fuel currently 

handled at DFSP Charleston is JP-4. 

In 1975, a leak was discovered ~n one of the seven tanks that resulted 

in a release of an estimated 83,000 gallons of JP-4 fuel. .Following the 

release of the fuel, several remedial actions were undertaken to recover the 

lost product and wells have been installed both on DFSP property and in the 

adjacent neighborhood (Gold Cup Lake Subdivision) to ~onitor ground water 

quality. JP-4 fuel and the specific compounds benzene, toluene, ethylbenzene 

and xylene'r.ave been identified in some of the off-site wells • 
.~ 

In a previous investigation at the DFSP site in 1982, Dames and ~loore 

concluded that they found no evidence of significant quantities of jet fuel 

(JP-4) on the surface of the surrounding aquifer. They did find evidence of 

the 1975 je~ fuel release-from Tank 1 and recommended continued operation of 
,-. 

the existing 36" recovery well near Tank 1. They also. recommended ~hat 

3 
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additional clean-up efforts would be ineffective and that, with time, natural 

biological chemical and physical activities would remove the residual 

organics. 

In 'another investigation of the DFSP site in 1986-8'7"",'-:McClelland 

Engineers, Inc. installed additional monitor1ng wells/off-site. Sampling of 

the new and existing wells detected JP-4 related constituents (benzerie, 

toluene, ethylbenzene and xylene) on both the DFSPsite and in the adjacent 

residential subdivision (Figure 2). 

In August 1987, ro·fT, Inc. was (awarded two contracts to do an aquifer 

evaluation and remedial alternative report with respect to the DFSP site. 

Sampling conducted during the aquifer evaluation detec~ed JP-4 constituents 

(benzene, toluene, ethylbenzene and xylene) in ground water beneath the DFSP 

site as well as in the adjacent resid,ential area. This report contains the 

results of the remedial alternatives report and has had signiticant input 

from the previous RMT aquifer evaluation report. 

1.2 Objectives 

The ·purpose of this report is to investigate alternatives that will 

contain and remove the JP-4 related organic constituents in the ground ,,rater.t 
! 

The report is also to recommend the alternative( s) that will be most 

applicable ~or remediation of the DFSP site. 

I 

I 

I ·5 

I 




2. ALTERNATIVES FOR. SITE REHlIDIAL ACTIOIl 

2.1 Hydrodynamic Isclation and Control 

2.1.1 Description of Possible Control Strategies 
v 

There are two control technologies - three physical barriers and 

hydraulic barriers - that are available to isolate the existing organic 

plumes at the DFSP site. Some of the physical containment structures 
r , 

include 'slurry cutoff walls, grout curtains and sheet pile cutoff walls. 

Grou'nd water extrac tion wells or trenches can also form hydraul ic 

barriers tJ flow. 

Slurry walls are constructed in a vertical trench that is excavated 

under a slurry mixture. The slurry is usually. a soil or cement. 

bentonite, and water mixture that is pumped into the trench as 

excavation proceeds. The slurry is used primarily to prevent the trench 

from collapsing during excavation and after it has set.to act as a 

barrier to grou~d water movement. 

Grout curtains are formed by injecting grout (Portland cement, 

bentonite, or al~ali silicates) into the ground through well points in 

I 
I an overlapping rat tern. The grout barriers are generally more costly 

than slurry wal:5 and have been incapable of forming reliable barriers 

in medium sands.[6] 

I 
Sheet pile cutoff walls are made of wood, pre-cast concrete, or

I ste,e1. The walls are constructed by driving web sections of sheet 

I 

I 

I 


piling permanently into the ground with a drop hammer or a vibratory 
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' Sheet pile cutoff walls are made of wood, pre-cast concrete. or• 

•
i 

•• 
steel. The walls are constructed by driving web sections of sheet 

piling permanently into the ground with a drop hammer or 'a vibratory 

hammer to act as a barrier to ground water flow. Each of the sections 

are interlocked at the edges and are assembled before being driven in~o 

the ground. The joints that interlock the sections are not water tig~t 

initially but they fill and seal with fine grained soil particles. 
i 

Sheet pile cutoff walls are predominately used in loosely packed sand 

[] 
 and gravel soils. 


An',extraction well system uses pumps to transport ground water t:> 

the surface for treatment and discharge. The system forms a cone of 

depression as the ground water table is lowered and is used to contai~ 

or remove a plume of contamination. To design a well system an aquif=r 

model of the particular site is developed to estimate the required 

I pumping rates required to contain or remove the plume. 

I 
I Collection trenches can also be u,sed to collect ground water. 

Pumping ground water from the trench creates a draw down that prevents 

or minimizes the flow of ground water past the trench. Trench depths 

I are normally limi~ed to less than lS feet below the water table. If ~he 

soils are not pr~ominately clay dewatering is often required to preve~t

I wall collapse. 

I 
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2.1.2 . Discussion :of Hydrodynamic Isolation and Control Strategy 

An important aspect of aquifer remediation is the isolation of the 

affected zone and the reduction of the down gradient migration of the 

plume. Isolation techniques include physical containment structures 

(e.g •• grout curtains or slurry cut-off walls) and ·hydrodynamic 

isolation systems. Often. the most cost-effective approach for 

hydrodynamic isolation and control is accomplished by ground water 
.- . --­

interception and withdrawal. treatment. and recharge. 

Hydrodynamic isolation produces a closed system within which a 

discrete zone of ground water is isolated and recirculated from 

withdrawal wells. and/or trenches to recharge wells and/or trenches. 

Once flow patterns have stabilized after system implementation, the 

withdrawal system will be pumping only ground water that has been 

previously withdrawn, treated. and recharged. Figure 3 presents ~ 

typical hydrodynamic isolation system. From Figure 3, it .is apparent 

that hydrodynamic isolation influences regional ground water flow 

patterns. A line of stagnation. or ground water divide. is formed 

around which the regional flow lines diverge. 

, 
Advantages of hydrodynamic isolation and control include 

operational flexibility. ease of construction. and high reliability. 

Hydrodynamic isolation systems require on-going system maintenance and 

verification monitoring. 

9 
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2.1.3 Develppment and Documentation of Ground Water Flow Model 

The region of primary interest is that portion of the Gold Cup 

Springs Lake SUbdivision underlain by the BTEX plume (Figure 4). Ground 

water flow was modeled in an area centered on the highest BTEX 

concentrations. The first step involved trend surface analysis of 

ground water elevations. Fourteen da ta sets were available. The most 

complete was based on recent measurements by RMT (Table 1). Each of the 

others was calculated from values provided by Dames & Moore (1982).. It 

was necessary to revise the Dames & Moore data. in order to reflect 

recently determined riser pipe elevations (Table 2). In an fourteen 

cases, third order trend surfaces were found to be most representative 

of the water tables considered. The Dames & Moore, data, while spatially 

restricted to the DFSP facility, provided valuable insights into 

seasonal variability of ground water levels. The more regionally-based 

RMT values anchored levels in'the subdivision. Examination of the 

various surfaces supported exclusive use of the RMT data, in determining 

a representative, time-average water table. Successive water table 

models were adjusted in such a way that Table 1 values were approached.

I 
I The McDonald and Harbaugh (1984) three-dimensional computer flow 

model was used for this project. As required by the model. the region 

was divided into rectangular map cells. C~mputations produced a single 

, water level. fdr each cell. Grid axes were oriented E-W (50 foot 

increment) and N-S (100 foot increment). It was assumed that flow is 

res tricted to the highly permeable materials overlying the Oligoce'ne 

11 
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 TABLE 1 


WATER TABLE ELEVATIONS 

DURING THE PERIOD 11 /17/87 .,;. 11 /20/87 


"• 
RISER DEPTH WATER TABLE ELEVATION OF 

WEI.L ELEVATION TO WATER ELEVATION SCREEN INTERVAL 
NO. (Ft. MSL) (Ft.) (Ft. MSL) (Ft. MSL)• 

I 
I W-I03 36.66 ' 14.94 21.72 30.2 - 0.2 

W-I04 37.43 15.22 22.21 30.9 - 0.9 
W-I05 39.14 16.02 23.12 32.6,- 2.6 
W-I06 38.64 13 :60 25.04 32.1 - 2.1 
W-I07 37.57 10.62 26.95 ' 31.1 - 1.1 

, W-I08 37.68 10.36 ' 27.32 31.2 - 1.2 
~ B-I0l 40.09 12.83 27.26 33.6 - 3.6.wi B-I03 43.52 13.30 30.22 37.0 - 7.0 

W-l 16.96 0.95 16.01 *** 
W-2 16.37 7.81 8.56 *** 
W-3 31.93 15.93 16.00I *** 

I 

MW-4 27.90 10.85 17.05 21'.7 - 1.7 

MW-5 20.11 2.72 17.39 9.1 - 0.0 

MW-7 38.63 12.44 26.19 34.0 - 24.0 


• 

MW-8 12.16 0.05 12.11 1.1 - <8.9> 

MW-9 9.16 1.07 8.09 6.0 - :<4.0> 

MW-I0 6.25 1.07 5.18 5.8 - <4.2> . 

MW-11 37.47 14.59 22.88 33.1 - 18.5 

MW-11A 37.30 15.46 21.84 9.1 - 4.5 
MW-lf 37.85 11.52 26.33 28.8 - 18.8 

I 
I MW-12A 37.80 11.42 ' 26.38 9.3 - 4.3 


MW-13 31.31 9.78 21.53 26.6 - 16.6 

MW-15 13.15 2.63 10.52 8.6 - 0.0 

MW-16 28.16 3.22 24.94 22.9 - 12.9 

MW-17 36.61 9.59 27.02 29.3,- 19.3 

I 

I Well locations are illustrated in Figure 2. 

Riser Elevations were measured by Southeastern Surveying, Inc. 

I Water Table Elevation = Top of Riser Elevation - Depth of Water Below 
Top of,Riser

* Information not available. 

14 




- _.. _111111 


TABLE 2 

REVISED DAMES & MOORE WATER TABLE ELEVATIONS 

Well W-101 W-102 W-103 W-104 W-105 W-106 W-107 W-10B B-101 B-102 B-103 B-104 B-105 B-106 B-108 B-109 
Riser 
Elevation 34.48 34.06 36.66 37.43 39.14 38.64 37.57 37.68 40.09 42.87 43.52 36.35 37.0B 41.B2 3B.OB 41.53 

11-28-81 18.68 17.98 19.60 21.04 22.45 23.42 26.17 26.58 25.80 30.12 29.53 30.3731.66 30.97 28.02 29.48 

12-02~81 1B.4B 18.31 19.99 21.35 23.16 23.76 NO 26.68 26.15 31.47 30.14.30.57 29.17 30.59 28.03 29.63 

12-07-81 18.46 18.28 19.93 20.30 23.07 23.67 ND 26.65 26.25 30.49 29.60 30.12 29.31. 30.67 2B.12 29.71 

·01-06-82 17.81 19.71 20.16 21.55 22.91 29.98 27.5427.90 27.67 32.37 30.69 31.64 32.98 33.16 30.57 32.24 

01-20-82 18.79 18.50 21.43 25.99 26.48 24.31 27.17 27.57 27.15 32.45 30.48 30.40 32.70 32.69 30.32 31.78 

02-05-82 17.69 18.87 20.26 21.78 23.37 24.51 26.88 27.30 26.79 32.20 32.54 30.77 32.68 32.61 29.95 30.57 

02-19-82 18.38 19.21 21.37 22.70 23.18 24.33 '27.07 27.80 27.88 33.06 30.67 30.87 32.79 33.57 31.12 32.68 

02-26-82 19.81 19.71 21.24~ 23.10 24.79 25.76 27.11 28.64 27.30 31.93 32.23 30.66 32.77 32.90 30.77 32.09 

03-12-82 18.47 19.52 21.49 22.39 22.89 24.26 26.63 27.30 27.51 32.45 30.48 30.47 32.45 32.69 31.52 32.24 

03-26-82 19.29 19.04 21.10 22.01 22.87 23.95 26.84 26.72 26.30 32.22 30.48 30.31 32.06 32.09 29.43 30.93 

04-13-82 17.38 18.64 20.20 21.76 22.47 23.72 26.22 26.47 26.38 31.56 28.98 30.60 31.81 31.07 28.52 30.51 

04-19-8217.92 18.72 20.38.21.71 22.6023.97 26.65 26.9B 26.57 31.7930.0230.6731.8331.7629.0030.90 

04-29-82. 18.73 19.71 20.62 20.89 22.44 23.72 26.92 26.76 27,.46 33~37 30.75 30.68 33:01 33.07 31.16 32.72 

Original data in Dames &'Moore (1982; Table 1). 
All elevations are in feet above mean sea level. 
R~ser elevations were measured by Southeastern Surveying. Inc •• 
Well locations are illustrated in Figure 2. 

NO ;;: No DlltlJ 

http:31.7930.0230.6731.8331.7629.0030.90
http:22.6023.97
http:20.38.21.71
http:04-19-8217.92
http:27.5427.90
http:30.14.30.57
http:30.3731.66


I 

Cooper Formation (marl). This led to calculations based on a single-

I the bottom of which ,layer aquifer, is nearly flat-lying (Tabie 3). 

During the course of modeling, boundary conditions, hydraulic 

conductivities and recharge rates were all varied. In addition, 

conductivity~and recharge were subjected to sensitivity analysis. The 

I southernmost row of grid blocks .was assumed to represent a constant head 

I 

boundary. With the excEption of the extreme western end, flow passes 

into the systec along t~e entire length of the strip. Water levels were 

prescribed on the basis of linear interpolation between readings from 

wells MW-7 and B-I03. ~ne lake. located in the northwest portion of the 

I region. and the western end of the southern strip were taken to be 

I 

constant head areas of outflow. The remaining boundaries were assumed 

to represent strea:lline or divide "no flow" barriers. An initial 

conductivity value of 15 inches per year, was based on McClelland (1987)
-, 

estimates and on prelim:':lary evaluation of recent RMT pump test data. 

1 Spatially variable final values (5-10 ft/~ay) were the result of model. 
calibration modificatio~s and more detailed analysis of the RMT pump 

tests. Data provided by the U.S. Geological Survey (Columbia. SC) led 

to an initial recharge estimate of 15 inches per year. Model 

calibration, more detailed analysis of local conditions and the 

assumption of leakage to a lower aquifer resulted in spatially variable 

final values for this parameter as well (0-5 in/yr). 

The final, pre-remediation ground water model is illustrated in 

Figure 6. The average deviation from Table 1 elevatj.ons is 1.1 

,16 
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TABLE 3 


PARAMETERS ASSOCIATED WITH THICKNESS OF THE 
SINGLE-LAYER MODELING AQUIFER 

, 

i


Well locations are illustrated in Figure 2 

All elevations are in feet above mean sea level. 
 I 

Ground surface elevations were measured by Southeastern Surveying Inc. I 
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I 
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feet. Steady-state flow lines radiate from the DFSP facility, pass' through 

the subdivision and converge on the lake. 

2.1.4 	 Resa1ts of Imposing Selected Control Strategies 
Upon Ground Water Flow Model 

I 
I The effects of three remediation pumping schemes are i11ustrated,in 

Figures 7-9. Each scheme exhibits a distinct well distribution and 
, 

different 	pumping rates. Characteristics are listed in Table 4. 

Calculations assumed Figure '6 starting conditions and a fully screened 
/~ 

I 

aquifer. Again, methods outlined by McDonald and Harbaugh (1984) were 

followed. In order to approximate steady-state conditions, the pumping 

period was set a~one year. Illustrated well positions represent grid 
, 

cell centers. Since individual cell computations yield single water 

levels, well ?ositions can be translated up to 25 feet E-W and 50 feet 

N-S. without altering, Figure 7-9 contours •. System flow rates are given 

in TableS. 

In pumpi~g Scheme I, wells surround the leading edge of the BTEX 

plume. In res?onse to the wells paralleling Valley Street, southern 

contours have been rotated to a more nearly E-W 
( 
position. Essentially, 

these wells partially intercept the natural ground water flow•. The six 

northernmost .e1ls have created a depre~sion.Except for defined 

constant head areas, water levels fall significantly below pre-pumping 

values. Losses of saturated thickness are as high as 67%. Total fluids 

removed frOm the systeo amount to about 39,000 gallons per day • 

. 19 



TABLE 4 

CHARACTERISTICS OF THE REMEDIATION PUMPING SCHEMES 
ILLUSTRATED IN FIGURES 7 - 9 

Scheme 
Parameters 1 2 

No. of '''ells. 18 15 24 

Pumping. Rate/WeI 1 
(gal/min) 

1.5 2.0 1.5 

Total Pumping Rate 
(gal/day) 

38880 43200 51840 

\ 

2 

3 





II 
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• Scheme 2 :eatures wells situated along the northern ~nd 

northwestern tank farm boundaries. Host are located at the bottom edge• of the hill, OJ which the facility rests. Four sit on the crest of the 

• hill, inside t~e DFSP fence. Once again, southern contours hav~ been 

rotated more nearly E-W. A string of local depressions parallels the 

northern edge ~f the facility and an interception effect is particularly 

• 
I~ 

well-developed. Saturated thickness losses run as high as 60%. The 33% 

higher pumping rate associated with this plan leads to removal of 11% .~ 

more water (43,200 gal/day). 

I 	 Scheme 3 :nvolves pumping from within th~ body of the plume itself. 

I 

Southern contours are rotated and pushed south to the same extent they 

were in Scheme 1. The same sort of northwestern plume area depression 

is exhibited. !iaximum saturated thickness losses amount to about 80:~ of 

pre-pumping le~als. The pumping rate removes nearly 52,000 gallons of 

I fluid per day. 

, 
2.2 General Site Re~ediation Strategies 

2.2.1 	 Grou:d W~ter Withdrawal, Treatment, and Discharge to Surface 
Wate::­

In cases .~ere ground water recharge is not possible due to 

regulatory protibitions or limiting geologic conditions, such as low 

permeability, ~ydrodynamic control can be. accomplished by ground water 

withdrawal only. Preliminary investigations at the DFSP site do not 
\ 

indicate any ge~l ical limitations to recharge. 
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I 

I In a scenario such as this. affected ground water is intercepted 

and withdrawn~ pumped to a centralized treatment facility. and then

lJ 
I 

discharged. A typical cross-section of such a facility is presented in 

Figure 10. Discharge would either be to an existing receiving stream 

, (Goose Creek or to. the Cooper River) and/or to the North Charleston 

Sewer District (NCSD) treatment system (identified as POTW in Figure 
\ 

10). A NCSD sewer line would not be immediately available to DFSP •. 
~ , I 

j-i.i 

Hydrodynamic control. using only ground water withdrawal. is 

controlled by the degree which the withdrawal' system draws'd,own the 

1 aquifer in the aff,ected area a.nd provides a gradient for the ground 

water to be conveyed into the withdrawal system. This approach. is 

totally dependent on ground water drawn into the affected zone from 

outside the zone. Therefore. unaffected ground water is continually 

being exposed to constituents within the affected zone. 

2.2.2' Ground Water Withdrawal. Treatment and Recharge 

Hydrodynamic control by ground water withdrawal and recharge 

develops a mound (positive gradient) of water around the recharge wells 

and/or trenches. This promo.~=-s .._al1 increa:::..d._~_~ansp.()rt of ground water 

through the aquifer which in turn helps to expedite the remediation 
,_.-..,..~_, ___,_ ••• ~._._ ...____,..", ...._,___ .. w.~_____....___... • ____•• • ....-.-.-...-----... , ••••------- • --.-.--~-.-----

effort by increasing the flow-through velocity • 
. - .. --- -.......------~---~-.-

Figure 11 presents a typical cross-section of a system where 

recharge is used in conjunction with ground water withdrawal. This 
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approach increases the rate at which an aquifer is flushed. As result, 

this approach ~ould also be more effective in reducing the time required 

for complete remediation of the site. 

Ground water recharge reduces the amount of water entering the 


affected zone of the aquifer. A strict withdrawal system is dependent 


on ground water drawn from outside the affected zone. A withdrawal­

recharg~ system, however, constantly recirculates treated ground water 


creating a discrete zone of treatment. Filt~ation may be required to 

I 

prevent clogging of the recharge system from suspended particulate 

. matter developed in the treatment processes. 

Additional po~ential advantages of a withdrawal recharge system is. 
its ability to accommodate in-situ biological treatment Cto ~e disc~_~_:sed_ 

in Section 2.2.4) and its abil'ity to remediate unsaturated soils by 
~-

flushing action. 

2.2.3 Vacuum Extraction of Impacted Vadose Zone Soils 

In-situ aii stripping is rapidly evolving as a practical approach 

for removing .volatile organic compounds from unsaturated soils. This 

approach is accomplished by applying a vacuum through one or more ,wells 

located above the water table which induces an air draft through the 

soils. Air is many times more permeable through soils than water and, 

as a result, can be more effective in removing volatile compounds from 

unsaturated soils than the flushing of the soils with groundwater. 

This approach could also be applied to soils dewatered by withdrawal 
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wells during hydrodynamic control which is the subject of the previous 

section. 

In-situ air ~tripping of dewatered and unsaturated soils should be 

considered, since most of the compounds present in the DFSP ground water 

have relatively high vapor pressures. Although many factors contribute 

to the applicability of in-situ air stripping the vapor pressure of an 

organic compound is an indicator of how readily that compound can be 

volatilized from soils. Laboratory testing has been performed to 

confirm the applicability of this 'approach (Appendix 4). 

·2.2.4 In-Situ Biological Remediation 

In-situ biological remediation can be accomplished. by the addition 
~~----~----------------------------~------~~-------------

:of appropriate nutrients to the recharge water which enhances the 
".~ ~-_~__"_______'-'......._.~~___ ____ "_.,'__.___ .~':.~w-.... _.---...-.... ~.... .....-,-.. '". _ .. _.. .... _0'- _____,. 


biodegradation potential of naturally-~ccurring micro-org~nis~ In­.. 
situ biological remediation has been lfsed successfully on may organic

': 


compounds, including several present in the DFSP ground water. A 


typical cross-section of this approach is present in Figure 12. 

Optimum nutrient requirements, primarily oxygen, nitrogen, 

phosphate, and trace compounds, are determined by laboratory evaluation 

in which a soil inoculum is treated at a number of nutrient 

concentrations.·· The purpose of these studies is to enhance the 

viabilityof the soil bacterial population. Laboratory determinations 

are then ver~fied in the field. 
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I Anin-si tu biological remediationfeasibili ty ,study is currently 

being conducted for the DFSP site 'by the US Geological Survey.

I 

I 2.2.5 , No Action 

A no-action alternative should be 'considered after all 


I hydrogeological and public health and safety investigations are 


,completed. This. alternative could apply to certain areas of the DFSP 

site. depending upon results from the in-situ biological ,treatment 

, study. 
\ 

'. 
2.2.6 Comprehensive A££!~ach_-

Each of the approaches presented in Section 2.2 are approEriate 

solutions for the DFSP site conditions and should be carefully 
--------.-----~--

considered. All of the approaches have been successfully used at 
. . 

similar ,remedial action sit'es. It is possi~le that certain of these 

approaches are best applied to specific areas of the DFSP ~~t:,~_.___!_hile_ 

other approaches are best utilized in other areaS. The site remediation 
..--------..--~--------'~.. '-'.". ­,--~-----'-----------

strategy should be based upon a comprehensive application of the 

technologies best suited for site specific needs. 
,-------~-------' 

2.3 Discussion of Unit Operations for Site Remediation 

Four basic unit operations appear applicable for ground ~?t~~~d~~ 

treatment at the DFSP site based on the physical characteristics of the 

organic compounds detected in the ground water. 
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2.3.1 Air Stripping 

• 
The Henry's Law constant for the organic compounds detected in the 

ground water (benzene, ethylbenzene. toluene and xylene) is greater than 

I x 10-3 atm-m3/mole; which indicate that these compounds are,readily 

• removed by air stripping_ Air stripping could require aVOC emission 

control system, if air quality regulations dictate such a need.' 

- 2.3.2 Vacuum Extraction 

I Vacuum extraction, or in-situ air stripping, of volatile organics 

I, from soils will be considered since volatile organics are the primary 

constituents of the affected ground water. It is primarily applicable 

I to unsaturated zone soils. The applicability of vacuum extraction at 

the DFSP site has been demonstrated in the laboratory (report ­

I Appendix A). 


t 
Vacuum extraction may also be applicable to soils that will be 

, dewatered by ground water pumping. This option is considered most 

applicable to areas where the organics are in high concentrations and 

have high Henry's Law constants. After a pumping well has established a 

cone of depression and previously saturated soils become dewatered, a 

portion of volatile organics may remain adsorbed to the dewatered soils. 

A vacuum can be applied directly to a ground water collection well such 

that the well simultaneously functions as a ground -water collection well 

and as a vacuum extraction well inducing an air flow through the 
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(] 	 dewatered soils. This induced air flow strips the volatile organics 

from the soils. Organic levels in air emissions would have to be

I 	 evaluated. 

I 
Applying a vacuum to a well can also increase the well's yield. FMT 

II has witnessed this increase in one application and Terra Vac Corporation 

has demonstrated well yield enhancement at several other site 

applications. [9] The increased well yield appears to be the result of" optimized well development and inducted pres sure gradient resul ting fromI 
vacuum application. Vacuum extraction will be considered for optimizing 

I gr04nd water collection for the hydrodynamic control system and any 

supplemental collection wells. The impact of vacuum extraction can be 

I 	 evaluated during the interim remedial action operations. 

1 
2.3.3 Biological Treatment 

The organic compounds in the groundwater at the DFSP site are 

readily biodegradable in the activated sludge process. The activated 

sludge process utilizes aeration, in most applications, to aid the waste 

assimilation. The ground water that would be generated during the 

remediation activity at DFSP alone would not sustain an activated sludge 

system. A local municipal wastewater treatment system could be 

utilized, ~ut dbe to the lack of sufficient capacity and the logistics 

of transporting the ground water to the treatment facility biological 

treatment does not appear to be. a viable alternative. 
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2.3.4 Activated Carbon Adsorption 

Activated carbon adsorption of the aqueous phase is included as a 

treatment alternative and as a possible polishing treatment to the 

treated effluent of an air stripping system depending on the required 

surface discharge limits. 
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I 3. EVALUATION OF SITE REKEDIATION 

3.1 Hydrodynamic Isolation and Control 

I 

I The goal of containing and removing the organic plumes at the DFSP. site 

requires the use of one or several of the described control strategies in 

l1 section 2.1.1. At the DFSP site the installation of physical barriers along 

the site property boundary or in the residential neighborhood poses special 

problems. At the DFSP site along the northern property line there is not 

I enough space to install physical barriers without disrupting the use of the 

facility. For this r~ason the use of extraction wells to contain the plumes 

was given the most considera,tion. 

1 
3.2 Groundwater Cleanup Levels 

There is much uncertainty on the levels of ground water cleanup needed 

at this type site. The regulatory basis for requirements is evolving. 

Considering these factors. it is not possible to set a specific number for a 

s pecif ic material for the level of cleanup. Ra ther. the report is developed. 

to set up a system to oinimize the movement of materials in ground water and 
_'"__ ~,__"-.'ft'" .* .•_ ._._'-___....~~••.• ,._.... ,, __ '~" "',_~.~_,.,.,_ ••_. 

the us.e of the most' practicable methods of cleaning up existing elevated 

levels. The cleanup stra.tegy in this plan has been developed to be 

consistent with the development of cleanup levels by the regulatory agencies. 

A review was done on Records of Decisions (ROD's), which are the final 

determinations on the type of controls and levels of cleanup at'.'superfund" 

type sites. There was limited information available. Also, for the projects 

reviewed there wer,e differences in the cleanup goals. 
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I A review was done on the EPA regulations establishing various goals or 

levels for the materials of concern. These materia.1s were benzene. 

I ethylbenzene, toluene, and xylene. The d~inking water levels with 

explanationi are as follews: 

o Benzene 
A Maximum Cont~inant Level (MCL) of 0.005 mg/l has been 
promulgated. 

o Ethylbenzene 
A Maximum Conta~inant Level Goal (MCLG) of 0.68 mg/l has been 
proposed. 

<) 	 Toluene 
A Maximum Contawinant Level Goal of 2.0 mg/l has been proposed. 

o 	 Xylene 
A maximum Conta~inant Level Goal of 0.44 mg/l has been proposed. 

1 	 REC~NT DRINKING WATER REGULATIONS 

MCL 	 Maximum Contami;:ant Level (National Primary Drinking Water 
Regulat ions) 
Enforceable standards set close to MCLGs, but also based on 
treatment feasibility, treatment costs, and analytical detection 
limits. 

MCLG 	 Maximum Contaminant Level Goal (Substituted for RMCL terminology). 
Nonenforc;eable !:leal th goal which is set at the maximum level in 
drinking water at which no known or anticipated adverse effect on 
the health or persons would occur, and which allows an adequate 
margin of safety. : 	 .. 

RMCL 	 Recommended Haxlmum Contaminant Level (Replaced by MCLG 
terminology) 
Nonenforceable health goal set at level which would result in no 
known adver3~ health effects with a margin of safety. RMCLs are 
set at zero for known or probable carcinogens. Chronic toxicity 
data and Acceptable Daily Intakes (ADI) are used! to set RMCLs for 
other compounds. ID1CLs published before June 19, 1986 are to be 
treated as MCLGs. 

SMCL 	 Secondary Maximum Contaminant Level (Secondary Drinking Water 
Regulations) 
Nonenforceable federal guideline set at level requisite to protect 
public welfare effects. 
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usually become the prime interest. For situations of low flow and low 

I concentration of organics the cost differential between carbon adsorption and 

air stripping is usually small enough that a decision could be based on 

3.3 Treatment Unit Operations 

Choosing a particular treatment technology for a specific application 

depends on a number of factors. It must be established that the technologies 

being considered are. applicable to the situation and then the economics 

Activated carbon adsorption is a highly developed treatment technology 

for removal of organics from aqueous waste streams. The highest 

concentration of organics that is usually considered for treatment in an 

aqueous stream is one percent or 10,000 ppm total organic carbon (TOC). At 

the DFSP site the highest average TOC concentration is well below this level. 

While an activated carbon adsorption system would remove the organics from, 

the ground water it would also require regeneration of the spent carbon for 
. . . . 

reuse and disposal of the collected organics. Pretreatment would also be 
-~---- .. ~ -._---_. 

required of the influent to remove oil and grease and suspended solids. For 

these reasons the biggest limitatiori of the activated carbon process is the 

-.;: high cap'ital and operating cos t. 
\i' \ 
\ 

Air stripping of ground water to remove organic contaminates is another 

highly developed treatment technology. The stripping of volatile components 

from water is usual~y accomplished in a packed tower, a cross flow tower,'a 

coke tray aerator. or a diffused air basin. The packed tower has the highest 

removal efficiencies and cost 'and the diffused air basin the lowest 
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efficiencies and cost. An important factor When considering whether to 

utili.e .ir stripping technology for the r"ov.l of org.nics is the air 

pollution generated frcm the process~ 

Air stripping has been used ve'Y COSt-effectively in recent years, for 

tre.tment of lowconcentratioos of volatiles or as a pretreatment Prior to 
activated carbon adsorption. 

/ 
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I 

I 4. RECOHKEHDATIONS AND PRELIMINARY DESIGN BASIS FOR 

SITE REMEDIAL ACTIVITIES 

4.1 Ground Water Extraction Well Network

I water extraction well network is recommended to limit the furtper 

I 
 movement and begin removal of the o':J~anic plume at the DFSP site. RMT also 


recommends that additional monitoring wells be-installed to better define the 

I 
~ . 

edge of the BTEX plume before proceeding to final design. 

I 
1 

The recommended remediation of the DFSP site and adjacent subdivision is a 

ground water extraction system consisting of a series of wells located along 

the northern boundary of the DFSP property to minimize further migration of 

BTEX constituents' from the site. In addition, wells will be located within the 

existing BTEX plume to remove ground water from beneath the subdivision for 
... ' ....... 


treatment. This well system corresponds to pumping scheme 3 (Figure 9) and is 
-..- ­
discussed .in section 2.1.4. Cost estimates for the system are l.n Table 7 with a 

i 
~' .l 

more detailed breakdown in Ap;::,endix B•. 
, ":.', . ~.. ." 

" (. ,.,. 

4.2 Ground Water Treatment System(s)' 

A conservative design basis using 200 organics 

was chosen for the cost estioates of the air stripping, carbon adsorption and 

combination air stripping/carbon adsorption treatment systems. The flowrate of 

,200 gpm was selected because it is the highest observed well production rate 

multiplied by the maximum nuober of wells needed in the ground water flow mod.el 

to contain the organic plume. 

The cost estimates for the three treatment. systems are based on the cost 

curves in the API publication "Treatment Technology for Removal of Dissolved 

Gasoline Components from Ground Water". The Curves were developed over a range 

40 



of feed conce~trations, hydraulic loadings, regeneration 'conditions (carbon 

adsorption), temperatures (air stripping), and air/water ratios (air 

stripping). Table 6 below summarizes the cost estimates (Appen4ix,C) for the 

three treatment systems. 

TABLE 6 

Treatment System Cost Estimates 

Treatment Costs/ I 

System 1000 gal + Capital Operating* 

Activated Carbon 
Adsorption ($0.45) ($40,000) ($9,OOO/yr) 

Air StrippingO 	 ($0.85) ($72,000) {$lO,800/yd 

Activated Carbon/ 
Air Stripping ( $1.30) ($112,000) ($19,800) 

* does not included labor costs 

() 1983 dollars 


I 

+ 	 Treatment Costs is a composite of the operating costs plus 3'0% of 
the installed equipment cost to cover depreciation, maintenance, and 
overhead. The installed equipment cost is defined as 3.S times the 

,estimated equipment purchase cost. 
\ 

" (
o 	 Air stripping costs were based on 99.9% removal of the organics from 

the ground water using a packed,column. Lower removal requirements 
would decrease the treatment, capital, and opera~ing costs~ 

4.3 Soil Vacuum Extraction System 
~.. 
• 

The wells' that comprise the ground water extraction netw.ork should be 

• inst aIled with the capability of accommoda ting a vacuum extract ion system. A 

design basis for the vacuum extraction system using the extraction wells from 

option 3 was chosen for the cost estimates in Appendix D. Vacuum extraction 

offers the most practical approach for removing volatil'e organic compounds from 
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• 
the vadose zone soils. Estimates for installation of the piping and renting of 

the vacuum system for an 18 month period are $570,000 • 

4.4 Treated Effluent Discharge 

• The quantity of treated ground waterc from the a1r stripping or carbon 

adsorption (or combination) system'is estimated as low 28,000 gpd for the 

option 1 control strategy and as high as 100,000 gpd for short term maximum 

pumping rates using 5 gpm from each well in the option 3 control strategy. As

',:" a design basis for discharge to Goose Creek or the Cooper River, and for theI
cost estimates, a flow of 200,000 gpd Was used to provide addition capacity in

I 	 the future. 

)I 	
\ 

It is RMT's recommendation to negotiate with North Charleston Sewer for 

J 	 discharge. If flows during remediation remain low enough for the sewer system 

to accept it should be easier and less expensive than building a pipe line to 

either Goose Creek or the Cooper River. If a pipe line is to be built to the 

I 
 . Cooper River or to Goose Creek it would cost approximately $225,000 and 


$150,000 respectively (Appendix E). To compare the advantages of discharge to 

I Goose Creek vs the Cooper River, any additional treatment requirements by DREC 

should be considered. 

I 

I 4.5 Air Emissions 

Air emissions generated from air stripping of the extracted ground water 

would be approximately 7 pounds per day of organics (Appendix F) based on the 

stripping of 200 gpm 'Of ground water with 3,000 ppb of 'total organics. Sources 

this small are reported, in ~iting, to DREC but do not usually require a 

formal permit application. The use of vacuum extraction in the remediation of 

the DFSP site could provide another source of organic emissions that should 

also be reported to DREC. 

I, ., 
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TABLE 7 


SUMMARY OF ESTIMATED REMED~ATION COSTS 


SYSTEM 

Ground Water Extraction 
Well Network 

Ground Water Treatment Systems 

Carbon Adsorption 

Air Stripping 

Carbon Adsorption! 
Air Stripping 

Soil Vacuum Extraction System 
For 18 Months 

Effluent Discharge 

To Cooper River 

To Goose Creek 

To North Charleston Sewer 

CAPITAL COS TS 

$325,000 

$40,000 

$72.,000 

$112,000 

$570,000 

$225, 000 

$150,000 

Not Available 
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I 1. INTRODUCTION 

­
I 

Soil at the Defense Fuel Supply Depot in Charleston, South Carolina 

has been· contaminated with jet fuel 114. One remediation technology 

being considered for the contamin~ted solI in the unsaturated zone is 

vacuum extraction. During vacuum extraction, a vacuum is placed on the 

contaminated soil, withdrawing the pore gas and drawing fresh air 

through the soil. As the air passes. through the soil, organic 

contaminants in. the soil volatilize into the moving air stream and are 

removed from the soil. 

To evaluate the applicability of vacuutl extraction technology to 

I the DFSD site, a laboratory demonstration of the behavior of site soil 

during vacuum extraction was conducted. The purpose of the 

demonstration was to determine whether or not the soil could be 

remediated by vacuum extraction technology. To this end a sample of 

contaminated soil from the site was placed in a metal tube through which 

air was drawn using a vacuum pump. The extraction. was continued unt il 

analysis of the soil indicated that the contamination was substantially 

removed from the soil. Both the exhaust gas and soil were sampled 

during ~he extraction to determine the change in concentratio~ of 

contaminant in both media. Soil content was measured using a headspace 

method. 

Note that the method demonstrates qualitatively the effectiveness 

I of vac~um extraction. Soil conditions are too complex to be accurately 

modelled in the laboratory. Quantitive extrapolation of laboratory

I results to ·field conditions is very difficult • 

• 
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• 	 2. LABORATORY METHODS 

One hundred fifty grams 	 of site so11 (sample MW-12A, 9-10.5) was 

placed in a L8-inch diameter steel shelby "tube. Clean sand was used' to· 

fill the rest of the tuhe. A subsample of so11 was .taken for headspace 

analysis, as described below. The tube was sealed at both ends with 

one-hole rubber stoppers. To one end of the tube a vacuum pump was 

• 
attached, with a 1 liter vacuum flask between the tube and, the vacuum 

pump. The flask was used for sampling (for the HNU meter) and as 

11 	 protection for the pump. A flow meter and flow adjustor were attached 

• 
to the other end of the tube. At the exhaust end of the tube, holes in 

the shelby tube were covered with plast ic tape through which samples 

for GC analysis were taken in a syringe. A stone frit was .placed in the 

tube above the holes to provide an air space in the tube from which 

samples could be taken. 

Air flow rate was init ia11y set at 0.2 L/min. After one day (1665 

I minutes) extraction time the flow rate was increased to 1 L/min. and the 

extraction continued, until the so11 appeared to be clean .. During a 

I 	 second run a flow rate of 1 L/min was used. Both flow rates are in the 
I 

I 	 estimated range of air flow rates that might be found in soil a few feet 

away \ rom a vacuum extrac t iO.n well. 

I The exhaust gas was analyzed using a Photovac model 10S50 gas 

chromotograph. Gas samples were taken from, the exhaust end of the 

I shelby tube with a gas-tight syringe and injected directly into the gas 

chromatograph. So11 samples were analyzed by placing approximately 10

I 
grams of soil in a 40 ml VOA vial with a septum top. The soil and air 

I in the vial were allowed to sit for 30 minutes or longer so that the 

I 606.02:RTC:dfsd1224 	 2 
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• organics in the soil would approach equilibrium with the gas phase, then 

• 
a sample of the heads pace taken wi th a gas-t ight syringe and ana1yzecon 

the gas chromatograph. 

I Selected peaks were chosen from the chromatogram of the unextracted 

soil to represent the soil contaminat ion (Figure 1). . These peaks ..ere 

I used to quantify the amount of jet fuel found in either the exhausi gas 

or. the soil heads pace . Benzene, toluene, and xylene standards were run; 

I 
I however the three compounds were not present in high enough 

concentrations to give major peaks on the chromatograph and so were not 

quantit'ified. This is not to say that they were not present, just that 

I they formed a small portion of the total and so were difficult to 

separate from the compounds present 

I gas· concentrations are reported as 

I soil headspace results are presented 

soil headspace concentration. 

I 
I 
I 

I 
I 
I 
I 
I 606.02:RTC:dfsd1224 

in much larger quantities • Exhaust 

peak area (in volt-sec), while the 

as a percentage of the unextracted 
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3. RESULTS 

3.1 Overall Resalts 

Vacuum extraction removed the jet fuel contamination from the soil 

within 36 to 48 hours extraction time in the laboratory apparatus. 

Results of the two test runs are presented in Tables 1 and 2. Prior to 

extraction the soil was wet, smelled of petroleum products, and left an 

oil residue on any glass it contacted. After extraction the soil was 

dry, had no odor, and did not leave a residue on glass. Soil heads pace 

readings of the soil indicated jet fuel concentrations below detection 

in the soil. Therefore it appe.ars that vacuum extraction was success ful 

at remediating the soil in the laboratory system used. Vacuum 

extraction would appear to be a potentially viable remediation method 

for the vadose zone soil at the site.( 

3.2 SolI Headspace Concentrations 

Soil headspace results aFe presented in Figure 2. There is a clear 

decrease in soil heads pace with extraction volume. After one to two 

'days extraction times (or after approximately .2,400 liters). the soil 
( 

headspace concentradons were below detection. Results from both runs 

fell near the same line. Some variability in results was found, most 

likely because of sal'lpling errors. As the soil is remediated, the 

portion closest to the air inlet is remediated first, while the interior 

soil takes a longer time to be remediated. If . the soil is' not well 

mixed when a sample is taken, somewhat inconsistent results may occur. 

Since mixing the soil enhances vS'latllization, which is to be avoided 

except during vacuum extraction, only moderate mixing was done during 

606.02:RTC:dfsd1224 4 



sampling. Hence, some sample heterogeneity undoubtedly occured.. Also, 

replicate saopling of the conta[;linated soil indicates that .the soil 

itself is heterogeneous - headspace concentrations varied as much as 50i. 

between replicates of the uncontaminated, soil. Despite variability, 

caused by sample or sampling heterogeneity. the overall trend of a 

decrease in soil headspace concentration with extraction volume is 

clear. 

3.3 Soil Gas - HNU Concentrations 

Organic 
,~ 

concentrations in the extracted gas were measured with a 

HNU meter and with a field GC. The HNU readings are ~ore extensive, and 

somewhat easier to interpret, and will be used in the discussion. The 

HNU readings show a sharp decrease initially. when plotted against 

extraction volume followed by a rise then slower fall to v;alues below 

detection (Figure 3). Both runs had the concentration. rise in the 

mirldle of th7 extraction, sugges ting that the rise is a real phenomenon, 

~t least in the laboratory experiments. A possible explanation for the 

rise in exhaust concentration midway through the extraction may be that 

the removal of jet fuel from the soil is slowed by the presence of' wa ter 

in the soil. After the soil starts to dry out jet fuel concentration in 

the exhaust gas increases. Measured initial concentrations of jet fuel 

in the exhaust gas throughout the experiment were relatively low' in 

comparison with some other solvents RMT has worked with for vacuum 

extraction, e.g., mineral spirits. The lower initial concentrations may 

be a result of water in the soil, and did not appear to greatly affect 

the overall vacuum extraction effectiveness. 

606.02:RTC:dfsd1224 5 
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4. SUMMARY 

A laboratory vacuum extraction set up successfully removed jet fuel 

contamination from DFSD soil within a reasonably short time (36 - 48 

hours).' The results indicate that vacuum extraction is a possible 

remediationtechncology for the site. 
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 Table 1 

DSFS - Jet Fuel Contaminated Soil 


Laboratory Vacuum Extraction 

Test Run III 

I 150 g soil, flow rate initially 0.2 L/min increase .to 1 L/min after 1665 
min. extraction time 

I Exhaust Gas Soil. Headspace
Extraction Time Volume Extracted HNU GL % Initial Valve 

Min L ppm V-sec Percent 

I 0 0 100 
5 1 6.0 

20 . 4 5.8 
30 6 5.3 21. 5 ~ 60 12 10.5 61 


120 24 1.0 7.5 33 

240 48 1.0 11.5 69 

405 81 1.0 8.0~ 

I 
700 140 0.9 20.5 44 

1450 290 0.7 7.5 
1575 315 0.6 14.6 
1605 321 0.6 34.6

I

1665 333 1.0 

I 1695 363 1.7 38.1 
1725 393 1.9 32.6 
1785 453 1.6 21.4 
1815 483 1.4 19.1I 2760 1428 0.2 
2790 1458 0.05 <1.0 0 

I 
~ i 
.1I 
I 

II 

I 

1 

606.02:RTC:dfsdI224 7 



r'---"""·.._·..........'..........._ .. _-...­

Table 2 

DSFS - Jet Fuel Contaminated Soil 


Laboratory Vacuum Extraction 

Test Run 112 


150 g soil. flow rate 1 Llmin 

Exhaust Gas
Extraction Time . Volume Extracted HNU GL

Min L 	 ppm V-sec 

0 

5 5 
 3.0 

10 
 10 	 2.7 
15 
 15 	 2.3
30 
 30 	 1.3
65 	 65 
 0.8

105 105 0.9

iSs 155 
 0.9 
220 	 220 
 1.1 2.8
260 260 1.4 


i 330 
 330 	 1.7I, 	

7.7
365 	 365 
 1.6 ~ 	 1445 1445 1.7 8.7


1535 1535 
 1.3 
1655 	 1655
:w 	 1.0
1790 
 1790 0.8 

1955 1955


• 	
0.3

2140 
 ' 2140 0.3 

2165 
 2165 	 0.2 

• 	
2195 
 2195 0.1 

2240 2240 0 
 <0.1 

•••• 
606.02:RTC:dfsd1224 8
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Soil 	Headspace 
i. 	 Initial Valve 

Percent 

100 


13 


<0.1 
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I. INTRODUCTION 

The API desired an evaluation of options for treating ground water containing 

dissolved gasoline components. In particular, the API was concerned about aro­


matics such as benzene, toluene, xylene, and ethylbenzene, and oxygenates such 


'. as t-butyl alcohol (TBA) and methyl-t-butyl' ether (MTBE). These components are 


referred to in the report as total organic of interest (TOI). In an earlier 

literature search and evaluation, 1 activated carbon adsorption and air stripping 

(or a combination of these technologies) were identified as the most likely 

treatment alternatives. Land application was alsQ identified as an alter~ative 

for certain applications. The API contracted with ITE to conduct ~ technical 

and economic evaluation of the alternative technologies., 

A laboratory evaluation of the adsorption and stripping technologies was ~on­

ducted in order to identify optimum design conditions. Activated carbon adsorp­

tion was evaluated over a range of feed concentrations, hydraulic loadings, and 

regeneration conditions (the carbon was nondestructively regenerated with 

steam). Air stripping was evaluated over a range of, feed concentrations, tem­

peratures, and air/water 'ratios. Volume One of this report details the 

experimental procedures and results • 

Based on design and operating conditions identified in the laboratory eval·.la­

tions, capital and operating cost estimates for full-scale systeil's were de'/elop­

ed. Cost curves were generated over the range of design and operating 

conditions. 

The cost curves in this report are intended to be used as a treatment manual to 

aid in selecting the appropriate treatment technology for a particular app:ica­

tion. 

http:eval�.la
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II. EVALUATION OF PROCESS ALTERNATIVES 

A. 	 ACTIVATED CARBON ADSORPTION 

1. 	 Process Description 

Activated carbon adsorption has drawn widespread consideration as a technology 

for treating contaminated ground water. Ther.e are three basic ways in which the 

technology can be implemented. 

osinq activated carbon on a throwaway basis is a good way to ensure good 

effluent quality. virgin carbon is capable of removing gasoline components from 

ground water to low parts Per billion levels. Carbon replacement costs can 

become very high, however, and disposal of the contaminated carbon can be a 

problem. 

Activated carbon adsorption with thermal regeneration can be an alternative to 

throwaway carbon. Most ground water applications .do not result in a high enough 
" 

carbOn consumption to justify on-site thermal regeneration, thereby necessi­

tating the use of a regeneration service. The, cost of a thermal r.egeneration 

service may approach the cost of purchasing virgin carbon • 

. The most cost-effective use of activated carbon adsorption utilizes nondestruc­

tive regeneration techniques. 2,3,4 Based on the experimental results, steaa 

regeneration appears applicable for regeneration of activated carbon used to 

adsorb gasoline components from ground water. A basic flow sheet of the steam 

regeneration process is shown in Fig. 1. 

Wi th the proper design, steam regeneration Can be accomplished in the adsorber, 

drastically reducing carbon handling losses. The nondestructive nature of the 
," 

process lends itself to recovery of the organics if desired, but even if re­

covery is not desirable, disposal requirements are reduced from several thousand 

pounds of contaminated carbon to approximately fifty gallons of organic 

material. 

Although IT Enviroscience had demonstrated the nondestructive regeneration tech­

nologies in process applications, concern had existed about the ability to 

achieve the lov effluent concentrations required in ground vater applications. 

The experimental portion of this project demonstrated that activated carbon 

adsorption with steam regeneration is a viable treatment alternative for 

removing dissolved gasoline components from ground water. Utilizing 10 lb 
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steam/lb carbon to regenerate the carbon, a stable'working capacity was main­

tained through the three ~egeneration cycles tested and effluent quality vas 

good. 

Based on the results. of the experimental program, the following parameters were 

chosen as the design basis for a full-scale system: 

• Hydraulic loading of 7 gpm/ft 2 

• Minimum column height of 6 ft 

• Regeneration with 10 lb steam/lb carbonat a rate of 2 lb/rnin ft 2 

•• 
Osing these design parameters, a des·,1.gn loading based on feed concentratiqn, and 

a desired cycle time, a carbon adsorber can be sized. In the next section, 

calculations will be out1ined for rough sizing of equipment. The quality of any 

detailed process design, however, is highly dependent upon experience and 

knowledge of the process. A final process design' should always be prepared in 

consultation ~th a qualified carbon adsorption expert. 

2. Equipment Specification 

The heart of any carbo~ adsorption system is the adsorber vessel. The diameter 

'of the vessel is set by the hydraulic loading and the flow rate. For example, 

the diameter of an adsorber designed to treat 200 gpm at 7 gpm/ft 2 would be :• 
\ 

calculated as follows:• 
, 


'(ft2 \ . 2

(200 gpm) 7 gpm)'" 28.6 ft
• 

= 28.6 ft 2, so• 
II o ... • 6 ft 

• 
\ '\II 

• 
The height of the adsorber is then determined by the \inletconcentration, the 

desired cycle time, and the organic loading on the. carbon. For example, a· 

200 gpm feed containing 10 ppm (equivalent ~o 10 mg/l) total organics of 

interest (TOI) and having an expected regenerated carbon loading of 

O~Os lb TOI/lb carbon (equivalent toO.OS 9 TOI/g carbon) I would result in the , 

; . 

following carbon ~nsumption: 

http:des�,1.gn
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• 
 ft a mg TOi\ (3.8 li ter\ boo g&1\ r lb C ) L 1b TOI ) 
( 

1440 min) 
:IS 

\ liter -; . gall\" min ") \0.08 lb TOI ~54,OOO mg TOI day 

• 
:IS 300 lb carbon/day• 

If a two-week adsorpt~on cycle was desired, the adsorber would have to hold 4200 

lb carbon, or, at a density of 27 lb/ft 3, the capacity would be 156 ft 3• At a'

II diameter of 6 ft, the. required height would ,be just under 6 ft. This would be ' 

• rounded to 6 ft, res.ulting in actual volume of 170 ft 3 and a carbon capacity of 

4600 lb. A typical carbon adsorber specification is shown in Fig: 2. 

• Because activated carbon can create severe corrosion problems in a carbon steel 

vessel, special care must be taken in specifying materials of construction. 

•• 
Adsorbers used. in applications where the carbon is removed for disposal'or ther­

mal regeneration are generally constructed of rubber- or epoxy-lined carbon 

steel. An adsorber designed for in-place, nondestructive regeneration will 

require stainless steel construction to accommodate the steam temperature. 

• Steam regeneration of carbon requires a heat exchanger (condenser) for conden­

sation of the steam,and organics and a vessel (decanter) for separation of the 

• steam condensate and recovered organics. The steaming rate is based on the 

adsorber cross-sectional area and is calculated as follows: 

(28.6 ft 2 ~ ( ~ lb ~ 

\(. } mln ftZ)
-

I At 10 lb steam/lb carbon, the 4600 lb carbon bed sized above would require 

46,000 lb of steam to regenerate. The steaming cycle would therefore be; 

I L hr '\
(46,000 lb),,3400 lb~· 13.5 hr 

I 
The condenser duty would be based on the latent heat of the steam, which at 

I atmospheric conditions would be 970 Btu/lb. The required duty would therefore 

be: 

I 
I 
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The decante~ ~ust be sized according to the anticipated flow of steam condensate 

and organic.-The separation can be accomplished on a batch or continuous ,basis, 

depending on the specific application. In the case a.bove~ a batch separ'ation 

would require a vessel capable of containing approximately 6,000 gallons of 

steam condensate and organic. 

If a steam source is not available at the treatment site, a portable steam 

generator will be required. specification of this unit basically requires the 

necessary steam supply rate and the desired steam supply pressure. 

3. 	 Capital and Operating Costs 

ITE has prepared estimates of the, treatment cost in terms of dollars per 

,thousands of gallons of ground water treated. This treatment cost is a com­

posite of the operating cost plus 30\ of the installed equipment cost to cover 

depreciation, maintenance, and overhead. The installed equipment cost is , 

defined as 3.5 times the estimated equipment purchase cost. The 3.5 composite 

installation factor is based on the components of the construction work required 

and is applied to the total purchased equipment cost. The composite factor 

includes engineerinq and other indirects adjusted as appropriate for the amount 

of vendor engineering (included in equipment purchase), the type of construction 

contracts, etc. The estimated purchased equipment costs are obtained from ven­

dor quotes where appropriate or from data gathered from reliable cost estimating 

sources. 

The costs presented are estimates for comparison of technologies or options on a 

general basis only. Evaluation of any technology or option for a specific 

application requires consideration of all the site-specific factors. 

Two 	 cost curves were prepared for the 'option of activated carbon adsorption with 

steam regeneration. The first curve, Fig. 3, represents treatment cost as a 

~unction of feed concentration. Table 1 outlines the components of the overall 

cost. A 200 gpm flowrate was assumed' and treatment cost was evaluated. at 1" ,10, 

and 	100 ppm WI feed concentration. In this evaluation, a constant adsorber 

size was maintained, resulting in' adsorption cycles of 2 days at 100, ppm, 15 

days at 10 ppm, and 115 days at 1,ppm. 

The second curve, Fig. 4, represents treatment cost as a function of flow rate. 

Table 2 outlines the components of the overall cost. 1, 10, and 100 ppm TOI 

feed concentrations were assumed and treatment cost was evaluated at 2S, 100, 
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Ta..b,le L Treatment COsts at 200 gpm 

Feed, Purchased 
COncentration Equipment OJ?eratl.ng , • a 

(ppm) , ($ M) '($ M/yr) 

•
•
•
•
•
• 

II 

II 

II 


'.' 
II 


1 

10 

100 

25 

40 

,40 

~t, including labor • 

3ppm fo 
'..J 

4.6 

24.4 

181.6,,·' 

http:eratl.ng


_ .. II - - II II - 11& 
r:T• ••• • ,.Ii •• III; 


,I Figure 4. Treatment Cost vs. t·· 

Flowrate for Activated
r-r Carbon Ad!:Jorl'tio u· trLtlJ:ITL. 


r'­

2. SO Lili-l-UtUlll$,.m;-m~r-I"N;mlfl'+lfnHIEflfJfJHnIlTHrl[=:.:~::-"'" ... . ...""" 

- f 
I f 

r f 

, 
;T

L. 

I -, ­

3.00 __ 
I 

rl 
<d 
0> 

::c 
" ­
VI­

2.00 

.j.J 
III 
0 
:J 

.... 
t:: 
11/

5 
II 
Jj .... 

1. 50 

1.00 

_....iI_". 

1--·· 

:~--t:t-
-H­

~ 
1·'~1-,~I"±8-t 
-to-

O•. 501+~_ 

o 1+ 

o 
L 

20 ifo -6d' 

.0. H-i-' ­

"·~~j·,n-m]jfttl;[ffii~:lOU "':'M#'I:llflllfmIlHrJ:j+1~14-i~+I+I·I~4 rn~ 

'"1­
.;­

'''''--WJI .•. ·.·. _.­

.~ ........... i:HJIUJ Ij 1:llllfil~J1H~:Hlf 


lOI'pin" JTITJ.lT.. 

(If 120 140\ 160 lUO ioo 

.. h 
--I'-

I~.~MIW~
I -I. 1 -IlIA-; - - . . . - - ... - . - . -- ..•. - .... ... . ..

lIJJ.U.lJlH IJLlIJ1UJ-IJ.1111UllJ J]li·11JIJA;J~ llUJI-IJ~I·I··~ .~< ~~~~~~:~. 
'~'-"EE8I8±rrf-£T Irr,~~ujTh=n-l±tffJ~ ±=ftl::

.U..L-b~'·'· 

I-'I ..w( 'HI.! 

(IJ('III' 

http:JTITJ.lT


II ••••··11 


Table 2. Treatment Cost Comparison 

Flow Rate 
(gem>' 

Purchased 
Equipment 

($ H) 

a 
100 l'£!II ~ 

d 
Operating 

($ r-Vyr) 

Purchased 
Equipment 

($ H) 

b
10 ppm 

d 
Operating 

($ H!yr) 

Purchased 
Equipment 

($ H) 

c
1 ppm 

. d 
Operating 

($ H/yr) 
i 

. I 
t 

.., 

2S 

1,00 

12 

25 

21.1 

81.0 

12 

25 

3.1 

14.8 

'-~~) 
'25 ) 

0.4 

1.5 

200 40 114.:4 40 24.5 40 3.0 
, ., 

a tBaaed on 2 day cycle.• i 
b t 

Based on 14 day cyole. 
c

Based on 110 day cycle. 

d I
. Not including labor. ...... ...... 

I 
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• and 200 gpm for each. In this evaluation, adsorber ,shes of 4400 lb carbon for 

200 qpm, 2200 lb carbon for 100 gpm,and 550 lb carbon for 25 gpm were assumed. 

Major equipment items for the activated carbon option included a 316 stainless' 

• 
'-I 

, 

steel adsorber, condenser, decanter, steam generator, and miscellaneous items 

such as pumps and a filter. In the case of 1 ppm T9I feed concentration, it was 

assumed that the steam generator-would be rented as required, not purchased. 

operating costs included utilities (primarily cooling water and \fuel for the 

steam generator1 electrical requirements are minimal), rental of the steam 
, ' 

generator when required, and carbon costs, but did not include labor. Carbon 

.costs were based on the assumption that steam regenerated carbon would perform 

effectively for 10 cycles before requiring replacement of the carbon. This 

assumption was based on the fact that other process applications have reused 

carbon for more than 100 cycles. Al though the experimental program only 

demonstrated performance through 3 cycles, no deterioration was observed. 

Actual full-scale regenerated carbon ~rformance is likely to be highly depen­

. dent on site-speci'fic conditions • 

•• 
' "• 
I 

I 

I 

I 
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B. 	 AIR STRIPPING 

1. 	 Process Description 

Air stripping is usually one of the first technologies cons~dered for ground 

water treatment applications. The major advantage of air stripping is its low 

overall treatment cost. Both capital and operating cost requirements are low 
, 

compared to most other technologies~ and it is a relatively simple technology to 

I 
 operate. 

I 

The key to air stripping's low overall treatment cost is the assumption that it 

I can stand alone as a treatment technology. In some cases, air emission stan­

dards will require that air stripping be used in conjunction with vapor treat­ \ , ment such as a vapor-phase adsorption unit. Because of the large air flows 
\

associated with ground water applications, the cost of a vapor-phase adsorption E 

f 
unit could be quite high relative to the air stripping unit, significantly {. 

affecting the cost-effectiveness of the overall option. This consideration will 

be addressed more completely in Section II~C, Activated carbon/Air Stripping. 

Another disadvantage demonstrated by tfie experimental results is that air 

stripping is temperature-sensitive. Decreasing temperature will decrease ~~e 

removal efficiency. Since ground water is normally in the range of 10 to 15°C, 

larger columns or preheating of the ground wat~r may be required. 

The design of an air stripping system is based on economic tradeoffs between 

higher operating costs associated with high air/water ratios or higher capi':al 

cost associated with a taller column. Actual design of a system will be highly 

dependent on the type of packing chosen and, of course, the operating condi~ions 

(flow rate, air/water ratio, temperature, desired removal efficiency, etc.). In 

the next section, calculations will be outlined as an example of how an air ­

/ stripping system should be designed. 

The normal design procedure for an air stripping column requires a knowledge of 

the vapor-liquid equilibrium data for the components of interest. S Because air 

stripping was evaluated as a follow~up treatment to activated carbon, the 

experimental work was focused on treatability of the oxygenated compounds. The 

assumption was made that the pilot plant performance could be assessed based on 

MTBE removal in the column (TBA was not effectively stripped). unfortunately, 

no experimental vapor-liquid equilibrium data for MrSE has been located, and ITE 

has been forced to use a theoretical correlation. 
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Use of the theoretical vapor-liquid equilibrium. would predict that MTBE could 

not be stripped froll water at the 2 cfm/gpm process condition to the extent that 

lTE's experimental data showed. Knowledge that the theoretical vapor-liquid 

equilibrium line does not repr'esent actual conditions indicates that the corre­

lations between lTE's pilot-scale column and a full-scale design are inaccurate 

to some degree, but the real correlation cannot be established without experi­

mental vapor-liquid equilibrium data. 

2. 	 Equipment Specification 

The basic components of an air stripping system are the packed column and the 

air blower. The diameter of the column can be estimated through use of pressure 

drop correlations such as those that are shown in Fig. 5 and which were pro­

vided by Norton Chemical processing product~.6 For a system with an air/water 

ratio of 10 cfm/gpm operating at 10°C, the abscissa of the graph can be found 

by: 

L 

G 

.5 

Assuming an allowable pressure drop of 0.5 in. 820 per foot of packing, the 

ordinate value can be read as 0.8. Fro~ this value, G can be calculated for a 

system using 1 in. ceramic Raschig rings by: 

G (PL-pGU 0.5= f! pG 

iEpvO• 1 J 
110,.8)(0.078)( ~;.4-0.078DO'S = 0.155 lb= L (1)(155)(1.5)°·1 J ft 2.sec 

If 200 ;pm are being treated, the air requirement will be 2000 cfm. The cross­

sectional area of the column can then be found by: 
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Packing Factors 
(DUMPED PACKING) 

Packing Type 

Hy.Pak rM 

Super Intalox.~ 
Saddles 

Super Intalox 
Saddles 

Pall Rings 

Pall Rings 

•Intalox Saddles , 

Raschig Rings 

Raschig Rings 

Raschig Rings 

Berf Saddles· 

I 
, 

I 

. 

Mat'l. 

Metal 

Ceramic 

Plastic 

Plastic 

Metal 

Ceramic 

CeramiC 

%2" 
metal 

Vie" 
metal 

Ceramic 

Nominal Packing Size (Inches) 

114 % 'Vz % % lorn 111411% 20r~2 3 3Vz or i/3 

I 43 I 18 15 

60 I 30 

33 21 16 

97 - 52 40 24 16 

I 70 48 33 20 16 

725 330 20~ I 145 92 52 40 22 

1600 1000 580 !380 255 155 125 95 65 37 
I 

700 390 300 1170 155 115 . 

410 !290 220 137 110 83 57 32 
I 

900 240 I 170 ,110 65 45 
'.

P~cking factors determined with an air· water s stem in 30~ 1.0. t"",.r 
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~ooo ft!\fo.078 lb,\/:min _~r1t2.sec )

A • 	

:0 16.8 ft2 
,'min /'\ ft 3 J~O sed~.155 lb 

1'02-. 16.8 ft2, so 
4 

I 
, The height of the adsorber can then be determined from the number of stages 

required to achieve a desired overall removal efficiency and the height per 

( , 	
stage for a specific packing. For example, if 15 stages are required to achieve 

a 99.9' removal efficiency (from an inlet concentration of 10 ppm to an outlet 

concentratio~ of 10 ppb) and vendor literature indicates that 2 ft of a par­

ticular packing is equivalent to a stage, then the column height would be 30 ft. 

The required amount of packing can then be calculated from' the column volume. 

Materials of construction are less of a concern with air stripping than with 

carbon adsorption. Stripping columns can generally be constructed' from FRP 

(fiberglas-rei'nforced plastic). 

The blower for an air strtpping system can be toughly sized by the following 

formula: 

~~(~c~f~m~)~(;~~)~___Brake Horsepower BHP ""--:­:0 
(6356) (Efficiency) 

For the system described above, assuming a 65' efficiency, the blower brake 

horsepower would be: 

(2000 cfm)(15 in. H20) .. ' BHP .. 7.26 
(6256)(0.65) 

3. 	 Capital and Operating Costs 

Estimates of the treatment cost of air stripping have been prepared in terms of 

doll~rs per thousands of gallons of ground water treated. The basis for this 

treatment cost calculation was described in the activated carbon adsorption sec­

tion of this report. 

http:6256)(0.65
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A cost curve has been prepared for the option of air strippinq. All costs i.n 

this evaluation assume that air stripping can be used as a stand-alone tech­

nology and will not require vapor-phase" adso,rption to JDeet emission standards. 

The curve, Figure 6, represents treatment cost as a function of flowrate. 


Table 3 outlines the components of the treatment costs. An air/water ratio of 


20 cfm/gpm was assumed and treatment cost was evaluated at 25, 100, and 200 gpm. 


The column diameters were again established based on a pressure drop of 0.5 in. 


H20/ft packing. The o~erall column height was the same in each case. 


Major equipment items for the air stripping option included the column, blower, 


and miscellaneous' items $uch as pumps and a filter. Operating cost included 


only the electrical cost associated with the blower. 
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Table 3. Treatment Cost at 20 cfm/qpm 

Flow Rate 
(gpm) 

Purchased' 
Equipment 

($ M) 

aOperating 
($ M/yr) 

25 16 1.3 

100 44 5.4 

200 72 10.8 

4Not including labor. 
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C. 	 ACTIVATED CARBON/AIR STRIPPING 

I 

1. Process Description 

The option of combining activated carbon adsorption and 'air stripping may be 

applicable ~n specific cases. The activated carbon experimental work indisated 

that carbon adsorption was relatively ineffective for removal of the oxygenates 

(MTBE and TBA), but very effective for treatment o,f the aromatic compounds. Air 

stripping, on the other hand, was effective in removing all components except 

I 
TBA. Consideration could be given, then, to the.option of using air strippinq 

to treat the effluent from a liquid-phase carbon adsorption unit to remove MTB!. 

The other technology combination that could be considered would be air stripping 

1 followed by vapor-phase carbon adsorption. This option might be employed to 

meet emission standards imPosed on an air stripping system. 'This would be 

likely to occur only in a high treatment volume, high feed concentration case or 

in a severe regulatory atmosphere. If vapor-phase carbon adsorption were 

required, air stripping could lose its cost advantage and liquid-phase carbon 

adsorption might become the technology chosen. 

2.. 	 Capi tal and Opera ting Cos ts 

The overall treatment cost f9r carbon adsorption followed by air stripping to 

remove MrBE would simply be the additive cost of each of the technologies on a 

stand-alone basis. Figure 7 represents a cost curve for the treatment of 

25, 100, and 200 gpm at the specified operating conditions. 
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D. 	 LAND APPLICATION 

1. 	 Process Description 

In selected situations, land application of gasoline contaminated ground water 

may be a viable alternative. Land application basically utilizes natural proc­

esses, such as volatilization, biodegradation, or adsorption on the soil, to 

decontaminate the ground water. The potential use of land application will be 

very site specific, depending mostly on the volume of water to be treated and 

the availability of an application ,site in the immediat~ area. 

proper evaluation ot a site for land application requires analysis of a number 

of factors, Of greatest concern is the overall site permeability, proximity to 

ground water or surface water sources, and permitting requirements. Characteri ­

zation of the microorganisms in the soil is necessary to determine the potential 

for biodegradation, and the potential for volatilization and adsorption on the 
, 

soil will be functions of the site' 5 ambient wea ther condi tiona and soil makeup', 

respectively. 

The API is presently funding research to study the natural fate of aqueous gaso­

line components in the environment, a project that ,will address most of the 

basic mechanisms involved in land application. Results of that project will 

=ore clearly define the potential role of land application. 

2. ( Capital and Operating Costs 

Because land application is likely to be a viable option for the treatment of a 

small volume of contaminated'ground water, a commercially available site within 
, 

reasonable hauling distance is a requirement. It is unlikely that a single con­

taminated ground water site would provide economic justification for the capital 

investment required for purchasing land and equipment for a dedicated land 

application eite. 

Utilization of a commercial land application site would involve costs for 

hauling of the ground water to the site and a disposal fee. Typical costs for 

these services would be approximately $50 per hour for a 4000-gal truck and 

approximately $0.10 per gal for dispOsal. Assuming that a suitable site is 

available! within an hour'S drive, disposal cost would be approximately $125 per 

thousand gallons. This results in a treatment cost per thousand gallons that is 

lIluch higher than the treatment costs associated with activated carbon or air 

stripping. Land application would likely be a cost-effective solution only in 

small volume applications (say, less than 20,000 gallons). 
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I E. TECHNOLOOY COMPARISON 

• 1. Applicability 

Both activated carbon adsorption and air stripping are considered widely for 

ground water treatment. The choice of a particular technology (or a specific• application will depend on a number of factors. Economic considerations .will be 

•• 
of prime interest, but it must be established that the technology being con­

sidered is applicable to the situation. For example, the inlet concentration 

and the volume to be treated must be considered. For low c;oncentration,low 

volume applications the treatment cost differential between carbon adsorption 

• 
and air stripping is likely to be low enough that a decision can be based on 

availability and ease of installation and operation. For high volume, high con­

centration applications air stripping is most cost effective if air emissions 

are not a problem. Carbon adsorp~on is more expensive on a stand-alone basis, 

but may become more economical if em1ssiontreatment such as a vapor-phase car­

bon system is required in conjunction with the air stripping system.

I 
I 

Another consideration is utility cost. Treatment costs for carbon adsorption 

with nondestructive regeneration tend to reflect high initial capital investment 

and low operating costs while treatment costs for air stripping generally 

reflect the opposite, especially at high air/water ratios. In areas where

I electrical costs are higher than average, air stripping may lose some of ~ts 

cost advantage. 

1 A. final consideration is the desired effluent quality. ITE's calculations s~ow 

that for air stripping, a minimum air/water ratio of 15 cfm/gpm would be 

required to achieve 99.9\ removal efficiency for MTBE. This value may not be 

totally accurate due to the uncertain~y associated with the vapor-liquid 

equilibrium line, but it is representative of the range of air/water ratios 

required to. achieve the desired effluent quality in ground water applications. 

As discussed earlier, the potential use of land application will be very site­

specific. This option will probably only be viable for small volume applica­

tions where a site is readily available. 

2. 	 Comparative Costs 

Figure a represents 'a comparison of treatment cost vs. flow rate for activated 

carbon adsorption and air stripping at an inlet concentration of 10 ppm TOl. 

The 	 treatment costs are not significantly different over the range of flow 
/ 
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rates. Figure 9 represents a comparison of treatment cost vs. feed con-
i 

centration for activated carbon and air strippinq at a flow rate of 200 gpm. As 

theqraph shows, air strippinq treatment cost is not a function of concentration 

and ~trippinq gains a cost advantage over carbon adsorption as concentration 

increases. Note that this conclusion is based on an assumption that the treat­

ment goal for an air stripping system is 99.9\ removal regardless of inlet con­

centration. If specification of an effluent concentration requires a removal 

efficiency of greater than 99.9', the treatment cost for air strippinq will be a 

function of concentration becaus~ the stripping column will need to be taller 
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I' Soil Vacuum Extraction System 

Cost Estimates 
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